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using an exhaust gas cleaner having Ag supported by a porous inorganic ^e^™** 6 ™-"* 
catalyst containing second catalytically active components supported by a porous inorganic oxide 
oody ^Thf second I catalytically active components consist essentially of Cu and/or other metals such as 
alkali metal elements, rare earth elements, etc. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an exhaust gas cleaner for cleaning an exhaust gas containing nitrogen 
oxides and oxygen in an amount larger than its stoichiometric amount relative to un burned components such 
5 as carbon monoxide, hydrogen, hydrocarbons in the exhaust gas, and a method of cleaning such an exhaust 
gas. 

Various exhaust gases discharged from internat combustion engines such as automobile engines, etc., 
combustion apparatuses installed in factories, home fun heaters, etc. contain nitrogen oxides such as nitrogen 
monoxide, nitrogen dioxide (hereinafter referred to simply as "NOx") and oxygen in an amount larger than its 
10 stoichiometric amount relative to un burned components. The NOx is one of causes of air pollution such as pho- 
tochemical smog and acidic rain, posing a serious problem of environmental pollution on a global scale. For 
these reasons, it is desired to remove NOx from exhaust gases emitted from various combustion equipment. 

In the case of an exhaust gas from gasoline engines, NOx is usually removed by using so-called three- 
component catalysts. Also, in the case of large, stationary combustion apparatuses such as internal combus- 
ts tion engines for cogenerators, etc., ammonia is introduced into an exhaust gas, whereby nitrogen oxides in the 
exhaust gas are catalytically and selectively reduced. 

However, in the case of an exhaust gas having a relatively high oxygen concentration such as those dis- 
charged from diesel engines and those discharged from gasoline engines operable in a lean condition, efficient 
removal of NOx cannot be achieved with the above-described three-component catalysts suitable for usual 
20 gasoline engines. Also, the reduction of NOx with ammonia introduced into an exhaust gas cannot be applied 
to movable exhaust gas sources such as automobiles, because this reduction system needs large apparatuses 
and poisonous, expensive ammonia. 

There is an alternative method for reducing NOx, which comprises contacting an exhaust gas containing 
oxygen and NOx with a gaseous reducing agent such as hydrogen, carbon monoxide or hydrocarbons in the 
25 absence of a catalyst However, since a catalyst is not used in this method, a large amount of the reducing 
agent should be added. Accordingly, this non-catalytic method is effective only for the exhaust gas having a 
relatively low oxygen concentration, which is generated by burning nearly at a theoretical air-fuel ratio. 

There have been proposed methods of reducing NOx by adding to an exhaust gas a reducing agent in a 
larger amount than a stoichiometric amount relative to oxygen in the exhaust gas, in the presence of a catalyst 
30 such as zeolite with or without carrying a transition metal (Japanese Patent Laid-Open Nos. 63-100919, 63- 
283727 and 1-130735; Thesis 2A526, 1990, the 59th Spring Conference of the Japan Chemical Society; The- 
ses 3L420, 3L422 and 3L423, 1990, the 60th Fall Conference of the Japan Chemical Society; and "Catalyst", 
Vol. 33, No. 2,59(1991)). 

However, with the catalysts used in these methods, a high removal ratio of NOx cannot be achieved in a 
35 wide temperature range, and the NOx removal efficiency is poor when moisture is contained in the exhaust 
gas (an actual exhaust gas contains about 10% of moisture). 

OBJECT AND SUMMARY OF THE INVENTION 

40 Accordingly, an object of the present invention is to provide an exhaust gas cleaner capable of efficiently 

removing NOx from an exhaust gas containing nitrogen oxide and oxygen in an amount larger than the stoic- 
hiometric amount relative to unburned components such as carbon monoxide, hydrogen, hydrocarbons, etc., 
which is discharged from diesel engines, gasoline engines operated under oxygen excess conditions, and sta- 
tionary combustion apparatuses. 

45 Another object of the present invention is to provide a method for reducing nitrogen oxide in the exhaust 

gas efficiently by means of the above exhaust gas cleaner. 

As a result of intense research in view of the above objects, the inventors have found that in the exhaust 
gas containing nitrogen oxides and oxygen in an amount larger than its stoichiometric amount relative to un- 
burned components such as carbon monoxide, hydrogen, hydrocarbons, nitrogen oxides are effectively re- 

50 duced in a wide temperature range, even when the exhaust gas contains about 1 0% of moisture, in the pres- 
ence of an exhaust gas cleaner comprising a porous inorganic oxide body and catalytically active components 
including silver or silver oxide and other metal or metal oxide, by adding reducing agents such as hydrocarbons 
and/or oxygen-containing organic compounds such as aliphatic alcohols to the exhaust gas to cause a reaction 
between the reducing agents and nitrogen oxides. 

55 Thus, the first exhaust gas cleaner according to the present invention comprises a mixture of (1) a first 

catalyst comprising 0.1-15 weight % (on a metal basis) of a first catalytically active component consisting es- 
sentially of Ag supported by a porous inorganic oxide body; and (2) a second catalyst comprising 0.5-20 weight 
% (on a metal basis) of second catalytically active components supported by a porous inorganic oxide body, 
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the second catalytically active components consisting essentially of (i) at least one alkali metal element; (..) at 
ea s roTei?ment selected from the group consisting of Cu. Co. Mn and V; and (iii) at least one rare earth 
element aT. oTThe percentages being based on the total amount (100 weight %) of the porous ,no,gan.c ox.de 

^The first method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unburned components in the exhaust gas according to the present 
nvention comprises (a) disposing an exhaust gas deaner in a flow path of the exhaust gas, the exhaus gas 
cleaner comprisingamixtureof(1)afirst catalyst comprising 0.1-1 5 weight % (on a ,™t^ 
alytically active component consisting essentially of Ag supported by a porous .norgan-c ox.de body an I (2) 
a sea>nd catalyst comprising 0.5-20 weight % (on a metal basis) of second catalytically acbve components 
Lppo^ 

of © at least one alkali metal element, (ii) at least one element selected from the groups oons-sdngrt C^Co 
Mn and V and (iii) at least one rare earth element, all of the percentages be.ng based on the total amount 
(1 00 weight %) of the porous inoraanic oxide body; (b) introducing hydrocarbons and/or «W»«on^ £ 
qanic compounds into the exhaust gas on the upstream side of the exhaust gas cleaner and (c) bnng ng he 
exhalSgaTTto contact with the exhaust gas deaner at a temperature of 200-600'C, thereby removmg the 

"""rne second exhaust gas cleaner according to the present invention comprises a cleaner substrate made 
of ceramics or meta.s. a first cataiyst supported by the deaner substrate on the *^*^"£Z*l 
and a second catalyst supported by the deaner substrate on the exhaust gas outlet s.de hereof, where.n (1) 
"he firsTStelyst comprises 0.1-15 weight % (on a metal basis) of a first catalytically acbve component con- 
si^inreSenSly of Ag supported by a porous inorganic oxide body, and (2) the second catalyst compnses 
otlSwXh^ 

ported by a porous inorganic oxide body, all of the percentages being based on the total amount (100 we.ght 

%\ of the porous inorganic oxide body. ^ 

The second method of deaning an exhaust gas containing nitrogen oxides and oxygen in an amount arge 
than its stoichiometric amount relative to unburned components in the exhaust gas according i to he present 
nvention comprises (a) disposing an exhaust gas deaner in a flow path of the exhaust gas. the exhaust gas 
SeJner comprising a cleaner substrate made of ceramics or metals, a first catalyst supported by the deaner 
sutetrate on the exhaust gas inlet side thereof, and a second catalyst supported by the deaner substrate on 
?hee^i^ 
SaStlafyticallya^ 

and (2) the second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catelyt.callyad.ve com- 
ponent consSg essentially of Cu supported by a porous inorganic oxide body. a., of the P^lagea bdng 
baseo on the totel amount (100 weight %) of the porous inorganic oxide body; (b) '"traducing hydrocarbons 
ano/or oxygen-containing organic compounds into the exhaust gas on the upstream sid e of the^stgas 
leaner; and (c) bringing the exhaust gas into contact with the exhaust gas deaner at a temperature of 200- 
600°C. thereby removing the nitrogen oxides. « 

The third exhaust gas deaner according to the present Invention compnses a cleaner substrate, a f ,rst 
ca talyst supported by the deaner substrate on the exhaust gas inlet side thereof, and a second catalyst sup- 
P^efby^ 

0 1-15 weight % (on a metal basis) of a first catalytically active component cons.st.ng essentially of Ag sup- 
ported 5? porourinorganic oxide body, and (2) the second catalyst comprises 2 weight % (on a mete, basis) 
or less of a second catalytically adive component supported by a porous .norgamc ox.de body, the second 
Z te?vti«lfv aSe component consisting essentially of at least one element seleded from the group cons.st.ng 
^SStN. percentages being based on the total amount (100 weigh »/.) of the porous 

'"ThTtWrfmX of deaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unburned components in the exhaust gas according to the Present 
nventL comprises (a) disposing an exhaust gas deaner in a flow path of the exhaust gas. the exhaus gas 
SrcompLng a deaner substrate, a first catalyst supported by the deaner substrate on he exhaust gas 
^t side thereof and a second catalyst supported by the deaner substrate on the exhaust gas outlet side 

£^^iw£<*** <^ fee * 5 wei9ht % (on 3 metal basfe) of 8 f ir8t cately,ica H y Ti 

coZrises 2 weioht % (on a metal basis) or less of a second catalytically active component supported by a 
SsTo^aT Sioe ( Sdy. the second cate.ytfca.ly adive component consisting 

element selected from the group consisting of Pt, Pd. Ru. Rh and Ir. all of the percentages be.ng based on the 
toteTamolnt 000 weight %) of the porous inorganic oxide body; (b) introducing hydrocarbons and/or oxygen- 
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containing organic compounds into the exhaust gas on the upstream side of the exhaust gas cleaner; and (c) 
bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200-600°C, thereby 
removing the nitrogen oxides, carbon monoxide and hydrocarbons. 

The fourth exhaust gas cleaner according to the present invention comprises a cleaner substrate, a first 

5 catalyst supported by the cleaner substrate on the exhaust gas inlet side thereof, and a second catalyst sup- 
ported by the cleaner substrate on the exhaust gas outlet side thereof, wherein (1) the first catalyst comprises 
0.2-20 weight % (on a metal basis) of first catalytically active components supported by a porous inorganic 
oxide body, the first catalytically active components consisting essentially of Ag and at least one element se- 
lected from the group consisting of Sn, Al, Ga and In; and (2) the second catalyst comprises 0.1-15 weight % 

10 (on a metal basis) of a second catalytically active component consisting essentially of Cu supported by a porous 
inorganic oxide body, ail of the percentages being based on the total amount (100 weight %) of the porous 
inorganic oxide body. 

The fourth method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unburned components in the exhaust gas according to the present 

15 invention comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas, the exhaust gas 
cleaner comprising a cleaner substrate, a first catalyst supported by the cleaner substrate on the exhaust gas 
inlet side thereof, and a second catalyst supported by the cleaner substrate on the exhaust gas outlet side 
thereof, wherein (1) the first catalyst comprises 0.2-20 weight % (on a metal basis) of first catalytically active 
components supported by a porous inorganic oxide body, the first catalytically active components consisting 

20 essentially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In; and (2) the 
second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically active component con- 
sisting essentially of Cu supported by a porous inorganic oxide body, all of the percentages being based on 
the total amount (100 weight %) of the porous inorganic oxide body; (b) introducing hydrocarbons and/or oxy- 
gen-containing organic compounds into the exhaust gas on the upstream side of the exhaust gas cleaner; and 

25 (c) bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200-600°C, thereby 
removing the nitrogen oxides. 

The fifth method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unburned components in the exhaust gas according to the present 
invention comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas, the exhaust gas 

30 cleaner comprising a cleaner substrate, a first catalyst supported by the cleaner substrate on the exhaust gas 
inlet side thereof, and a second catalyst supported by the cleaner substrate on the exhaust gas outlet side 
thereof, wherein (1) the first catalyst comprises 0.2-20 weight % (on a metal basis) of first catalytically active 
components supported by a porous inorganic oxide body, the first catalytically active components consisting 
essentially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In; and (2) the 

35 second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically active component con- 
sisting essentially of Cu supported by a porous inorganic oxide body, all of the percentages being based on 
the total amount (100 weight %) of the porous inorganic oxide body; and (b) bringing the exhaust gas into con- 
tact with the exhaust gas cleaner at a temperature of 200-600°C, thereby causing a reaction between the ni- 
trogen oxides and hydrocarbons remaining in the exhaust gas to remove the nitrogen oxides. 

40 The fifth exhaust gas cleaner according to the present invention comprises catalytically active components 

supported by a porous inorganic oxide body, the catalytically active components consisting essentially of (i) 
0.1-15 weight % (on a metal basis) of Ag, and (ii) 2 weight % or less (on a metal basis) of Cu, all of the per- 
centages being based on the total amount (100 weight %) of the porous inorganic oxide body. 

The sixth method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 

45 than its stoichiometric amount relative to unburned components in the exhaust gas according to the present 
invention comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas, the exhaust gas 
cleaner comprising catalytically active components supported by a porous inorganic oxide body, the catalyti- 
cally active components consisting essentially of (i) 0.1-15 weight % (on a metal basis) of Ag, and (ii) 2 weight 
% or less (on a metal basis) of Cu, all of the percentages being based on the total amount (1 00 weight %) of 

so the porous inorganic oxide body; (b) introducing 400 volume % or less, based on the nitrogen oxides in the 
exhaust gas, of hydrocarbons which are gaseous in a standard state into the exhaust gas on the upstream 
side of the exhaust gas cleaner, and (c) bringing the exhaust gas into contact with the exhaust gas cleaner at 
a temperature of 250-600°C, thereby removing the nitrogen oxides. 

The sixth exhaust gas cleaner according to the present invention comprises catalytically active compo- 

55 nents supported by a porous inorganic oxide body, the catalytically active components consisting essentially 
of (i) 0.1-15 weight % (on a metal basis), based on the porous inorganic oxide body, of Ag, and (ii) 50 weight 
% or less (on a metal basis), based on the Ag, of at least one element selected from the group consisting of 
alkali metal elements and alkali earth metal elements. 
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The seventh method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unturned components in the exhaust gas according , to ttopmrt 
nvention comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas the exhaust gas 
Seine? casing catalyticaliy active components supported by a porous inorganic oxide body, the catalyt,- 
5 iTyac^ 

Scenic oxide body, of Ag. and (ii) 50 weight % or .ess (on a meta. basis) based on the Ag. of a 'east one 
element selected from the group consisting of alkaii mete. elements and -^^"^Jg^^g 
bringing the exhaust gas into contact with the exhaust gas cleaner at a temperate of "^f^"*** 
causing a reaction between the nitrogen oxides and hydrocarbons remaining .n the exhaust gas to remove 

10 the ^9 e e n ve °^ e ; xhaust c , eaner according t0 tne present inv ention comprises catalyticaliy active com- 
ponents supported by a porous inorganic oxide body, the cata.ytically active .^ n ^""JSJS3?% 
of (i) 01-15 weight % (on a metal basis), based on the porous inorganic ox.de body, of Ag. and (,i) 2 weight A 
or less (on a metal basis), based on the Ag. of at least one element selected from the group cons.st.ng of Pt. 

15 M ' SeeigWh method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger 
than its stoichiometric amount relative to unburned components in the exhaust gas accord.ng to the present 
nvention comprises (a) disposing an exhaust gas deaner in a f iow path of the exhaust gas the exhaust gas 
Seaner comprising catalyticaliy active components supported by a porous inorgamc ox.de body, the catalyt- 
ic ^acuT^nentsLsis'ting essential* of (i) 0.1-15 weight % (on a metal basis) based o" the^'ous 
^organic oxide body, of Ag. and (ii) 2 weight % or less (on a metal baste), based on the Ag. of at least one 
Element se.ected from the group consisting of Pt, Pd. Ru, Rh and Ir. and (b) bringing the exhaust gas, .nto con- 
tact with the exhaust gas cleaner at a temperature of 200-600'C. thereby caus.ng a reaction between the n- 
trogen oxides and hydrocarbons remaining in the exhaust gas to remove the nitrogen oxides 

The eighth exhaust gas cleaner according to the present invention compnses catalyt.cally acuve compo- 
nents supported by a poroos inorganic oxide body, the cata.yticaiiy active components c °«^^ 
of (i) 01-15 weight % (on a metal basis), based on the porous inorgamc ox.de body, of Ag. and (n) 20 weight 
% or less (cL metal basis), based on the Ag. of at least one element selected from the group cons.sting of 

M0 ' The^n" method ofdeaning an exhaust gas containing nitrogen oxides and oxygen in an amountla^er 
than its stoichiometric amount relative to unburned components in the exhaust gas accord.ng to the present 
nventon comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas, the exhaust gas 
Seane^cSring cataiyticaliy active components supported by a porous inorganic oxide body, the catalyt- 
ic^ essentially of (i) 0.1-15 weight % (on a metal basis), based on thj , porous 
So^anic oxide body, of Ag, and (ii) 20 weight % or less (on a metal basis), based on the Ag. of at least one 
eZent selected from the group consisting of Mo. W. Cr. Ni. Mn and Co; and (b) bring.ng the exhaust gas mto 
contact with the exhaust gas cleaner at a temperature of 200-600'C. thereby caus.ng a reason between the 
nitrogen oxides and hydrocarbons remaining in the exhaust gas to remove the nrtrogen oxides 

The ninth exhaust gas cleaner according to the present invention comprises catalyt.cal y act.ve compo- 
nents supported by a porous inorganic oxide body, the cata.yticaiiy active components cons.sting essent.ally 
of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In. 

The tenth method of cleaning an exhaust gas containing nitrogen ox.des and °^ en " an ?™" n '^* 
than its stoichiometric amount relative to unburned components in the exhaust gas accord.ng , to the jpmart 
nvention comprises (a) disposing an exhaust gas cleaner in a flow path of the exhaust gas the exhaust gas 
Seanercomprising catalyticaliy active component supported by a porous inorganic oxide body, the catelyt, 
S actrcZonents consisLg essential.y of Ag and at .east one e.ement seiected from the group .consist- 
ing of Sn, A), Ga and .n; and (b) bringing the exhaust gas into contact with the exhaust gas deane. ■*> .tem- 
perature of 200-600°C, thereby causing a reaction between the nitrogen oxides and hydrocarbons rema.n.ng 
in the exhaust gas to remove the nitrogen oxides. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
aas in Example 1 and Comparative Example 1; 

Fis J 2 is a graph showing the relation between the removal ratio of NOxandthe temperature ofthe exhaust 

aas in Example 2 and Comparative Example 2; 

RgSisagraphsh 

gas in Example 3 and Comparative Examples 3 and 4; 
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Fig. 4 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
gas in Examples 7-9 and Comparative Examples 7-8; 

Fig. 5 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
gas in Examples 10-12 and Comparative Example 9; 
5 Fig. 6 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 

gas in Examples 13 and 14 and Comparative Examples 10 and 11; 

Fig. 7 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
gas in Examples 15 and 16 and Comparative Examples 12-14; 

Fig. 8 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
10 gas in Examples 17 and 18 and Comparative Examples 15 and 16; and 

Fig. 9 is a graph showing the relation between the removal ratio of NOx and the temperature of the exhaust 
gas in Examples 19-21 and Comparative Example 17. 

DETAILED DESCRIPTION OF THE INVENTION 

15 

The present invention will be explained in detail below. 

[1] First Embodiment 

20 [A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the first embodiment comprises a mixture of a first catalyst comprising of a 
first cataiytically active component consisting essentially of Ag; and a second catalyst comprising second cat- 
alytically active components consisting essentially of (i) at least one alkali metal element; (ii) at least one ele- 
25 ment selected from the group consisting of Cu, Co, Mn and V; and (iii) at least one rare earth element. These 
cataiytically active components are supported by a porous inorganic oxide body, 
(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body serves as sites of reaction between a reducing agent and nitrogen 
oxides in the exhaust gas. Since the porous inorganic oxide body is exposed to a high-temperature exhaust 
30 gas, it is required to have an excellent heat resistance, and particularly an excellent thermal shock resis- 

tance. Such a porous inorganic oxide body may preferably be constituted by porous pellets or granules 
packed in a casing, or in the form of a solid body such as a honeycomb, a foam, a plate, or a porous in- 
organic oxide powder layer formed on a heat-resistant substrate. 

In the case of using the porous inorganic oxide powder layer formed on a heat-resistant substrate, 
35 the amount of the porous inorganic oxide powder is preferably 20-250 grams per 1 liter (apparent volume 

of substrate) (hereinafter referred to as "20 g/liter - 250 g/liter"), particularly 50 g/liter - 200 g/liter, based 
on the heat-resistant substrate. 

Materials for the porous inorganic oxide body include ceramics such as alumina, titania, zirconia and 
their composites, etc. Particularly preferable materials for the porous inorganic oxide body are y-alumina 
40 or its composite oxide such as titan ia-alumina, silica- alumina, zircon ia-alumina, etc. With cataiytically ac- 

tive Y-alumina, the reducing agent added and the nitrogen oxides in the exhaust gas are reacted efficiently. 

Since NOx in the exhaust gas is reacted with a reducing agent while the exhaust gas is passing 
through the exhaust gas cleaner, it is preferable that the pressure drop of the exhaust gas in the exhaust 
gas cleaner is within a permissible range, and that the porous inorganic oxide body has a large surface 
45 area which is brought into contact with the exhaust gas. In the above respects, it is preferable that a specific 

surface area of the porous inorganic oxide body is about 30 m 2 /g or more. When the specific surface area 
is smaller than about 30 m 2 /g, a sufficient reaction between the nitrogen oxides in the exhaust gas and 
the reducing agent added cannot take place in the exhaust gas cleaner. 

In the case of the porous inorganic oxide layer formed on a heat-resistant substrate, the heat-resistant 
so substrate may be made of ceramics such as alumina, silica, titania, zirconia and their composites such as 

silica-alumina, alumina-zirconia, alumina-titania, silica-titania, silica-zircon ia, titania-zirconia, mullite, cor- 
dierite, etc. The heat-resistant substrate may be in the form of a honeycomb filter, a foam filter, a fiber 
assembly filter, pellets, etc. 

The porous inorganic oxide layer may be formed on the heat-resistant substrate by a known wash- 
55 coating method, a known sol-gel method, etc. 

In the wash-coating method, the heat-resistant substrate is immersed in a slurry of the above ceramic 
powder and dried so that a porous inorganic oxide layer is formed on the heat-resistant substrate. To cause 
the porous inorganic oxide layer to support "a first cataiytically active component comprising Ag or an oxide 
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thereof and a second catalytically active component comprising the other metal components (referred to 
simply as Ag, etc.), there are two methods available: (1) a method of applying Ag, etc. by impregnation or 
precipitation to the carrier layer (porous inorganic oxide layer) wash-coated on the heat-resistant substrate, 
and (2) a method of forming a porous inorganic oxide layer supporting Ag, etc. on the heat-resistant sub- 
5 strate by wash-coating the heat-resistant substrate with a suspension of ceramic powder containing Ag, 

etc. According to the latter method (2), the porous inorganic oxide layer supporting Ag, etc. can be formed 
by a single step. 

In the sol-gel method, either one of the following two procedures can be conducted. 
The first sol-gel method comprises hydrolyzing organic salts (for instance, alkoxides) of the porous 
10 inorganic oxide layer-constituting metals; applying the resulting sol to the heat-resistant substrate; bringing 

the coated heat-resistant substrate into contact with water vapor, etc. to form a layer composed of colloidal 
particles; drying and heating it to convert it to a carrier layer for Ag, etc.; and applying Ag, etc. to the carrier 
layer. For instance, when Ag, etc. are to be supported by an alumina (Al 2 0 3 ) carrier layer, a solution of Al 
alkoxide (for instance, AI(o-isoC3H 7 ) 3 ) in alcohol is mixed with an acid such as CH 3 COOH, HN0 3 , HCI.etc. 
15 to prepare a coating solution, and the heat-resistant substrate is immersed in the coating solution. After 

removing the heat-resistant substrate from the coating solution, it is treated with vapor or water to cause 
gelation. After drying and heating, a thin alumina coating is formed on a porous surface of the heat- 
resistant substrate. Next, the coated heat-resistant substrate is impregnated with aqueous solutions of car- 
bonates, nitrates, acetates, hydroxides, etc. of Ag; and the impregnated layer is dried and heated on the 
20 heat-resistant substrate. 

In the second sol-gel method, the ceramic carrier materials and Ag, etc. are simultaneously applied 
to the heat-resistant substrate. For instance, a solution of Al alkoxide in alcohol is mixed with an acid such 
as CH3COOH, HNO3, HQ, etc. and an aqueous solution of a silver salt to prepare a coating solution, and 
the heat-resistant substrate is immersed in the coating solution. After removing the heat-resistant sub- 
25 strate from the coating solution, it is treated with vapor or liquid water to prepare a sol, which is then con- 

verted to a gel. The gel is dried and then heated to provide a ceramic carrier supporting Ag, etc. 

By using the sol-gel method, Ag, etc. can be extremely uniformly dispersed in the heat-resistant sub- 
strate, leading to an increase in catalytic activity. 

In the sol-gel method, the acid serves as a hydrolysis catalyst in the course of gelation. However, 
30 alkali metals may be added in place of the acids to conduct the hydrolysis reaction, 

(b) First Catalyst 

The first catalyst comprises a first catalytically active component consisting essentially of Ag support- 
ed by a porous inorganic oxide body. The amount of Ag or an oxide thereof is generally 0.1-15 weight % 
(on a metal basis) based on the total amount of the porous inorganic oxide body. When the amount of Ag 

35 or an oxide thereof is less than 0.1 weight %, sufficient effect of Ag or an oxide thereof cannot be obtained. 

On the other hand, even when the amount of Ag or an oxide thereof exceeds 1 5 weight %, further advan- 
tage of increasing the efficiency of reducing nitrogen oxides cannot be achieved. To increase the NOx- 
removing efficiency, Ag or an oxide thereof added is preferably 0.5-10 weight %. Incidentally, it should be 
noted that when the term "Ag" is used instead of "Ag or an oxide thereof," it is intended to include a silver 

40 oxide. 

With respect to the production of the exhaust gas cleaner, the porous inorganic oxide body is first 
immersed in an aqueous solution of a silver salt such as silver nitrate, and then dried and heated. The sub- 
strate having a porous inorganic oxide layer impregnated with Ag or an oxide thereof may also be produced 
under the same conditions. 

45 The porous inorganic oxide body is preferably dried and then heated in a non-oxidizing atmosphere 

such as vacuum, a nitrogen atmosphere, or a hydrogen atmosphere. The drying of the porous inorganic 
oxide body is preferably conducted at about 70°C or higher. With respect to the heating conditions, when 
the heating is conducted in the above atmosphere, the resulting exhaust gas cleaners are catalytically 
more active than those heated in the air. Also, the heating of the exhaust gas cleaner is preferably con- 

50 ducted at a temperature elevating stepwise from about 100°C to about 600°C in the above non-oxidizing 

atmosphere, and then at about 500°C or higher in an oxygen-containing atmosphere. 

The exhaust gas cleaner carrying Ag or its oxide is preferably treated with an SO^containing gas. In 
general, 1 g of the exhaust gas cleaner carrying Ag or its oxide is brought into contact with 0.02-1 mmol 
of S0 2 . When the amount of S0 2 is smaller than 0.02 mmol, sufficient effect of treatment cannot be ach- 

55 ieved. On the other hand, even when the amount of S0 2 exceeds 1 mmol, further improvement of the cat- 

alytic activity cannot be obtained. 

With the exhaust gas cleaner treated with SO* hydrocarbons and/or oxygen-containing organic com- 
pounds added are not directly oxidized by oxygen in the exhaust gas. Accordingly, sufficient reaction be- 
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tween the nitrogen oxides and the hydrocarbons and/or oxygen-containing organic compounds can pro- 
ceed at such a low temperature as about 250-400°C. 

(c) Second Catalyst 

The second catalyst comprises second catalytically active components supported by a porous inor- 
5 ganic oxide body. The second catalytically active components consist essentially of (i) at least one alkali 

metal element (Li, Na, K, Cs, etc.); (ii) at least one element selected from the group consisting of Cu p Co, 
Mn and V; and (Hi) at least one rare earth element (Ce, La, Nd, Sm, etc.). 

The component (i) is preferably K and/or Cs. With respect to the component (ii), Cu is preferable, and 
one or more of the other elements (Co, Mn and V) may be added to Cu. The component (iii) may be pre- 
10 ferably Ce and/or La. Incidentally, it should be noted that these elements exist in the form of oxides under 

the usual operation conditions of the exhaust gas cleaner. 

The amounts of the three components (i), (ii) and (iii), respectively, expressed as weight percentage 
of metal elements therein, are (i) 20% or less, (ii) 60 or more %, and (ii) 20% or less, respectively based 
on the total amount (100 weight %) of the porous inorganic oxide body. If the components (i) and (ii) are 
15 more than 20% or if the component (iii) is less than 60%, the removal ratio of NOx at low temperatures 

would be low. Preferably, (i) is 15% or less, (ii) is 70% or more, and (iii) is 15% or less, and particularly (i) 
is 0.1-15%, (ii) is 75-99%, and (iii) is 0.1-15%. 

The total amount of (i) + (ii) + (iii) is generally 0.5-20 weight %, preferably 0.5-15 weight % based on 
the porous inorganic oxide body. If the total amount of (i) + (ii) + (iii) is lower than 0.5 weight %, sufficient 
20 effect of carrying the second catalytic components cannot be obtained. On the other hand, if it exceeds 

20 weight %, the burning of hydrocarbons would predominantly take place, resulting in the reduced removal 
of NOx. 

(d) Ratio of First Catalyst to Second Catalyst 

The mixture ratio by weight of the first catalyst to the second catalyst is preferably 5:1 - 1:5. When 
25 the first catalyst and the second catalyst are mixed at this ratio, the removal of NOx can be achieved in 

such a wide temperature range as 200-600°C, particularly 250-600°C. If the mixture ratio is lower than 
1 :5 (if the amount of the first catalyst is too small), the removal of NOx would be low in a wide temperature 
range of 250-600°C. On the other hand, if the mixture ratio is higher than 5:1 (if the amount of the first 
catalyst is too large), the removal of NOx would be low at a temperature of 400°C or lower, failing to achieve 
30 a sufficient reaction of NOx with the hydrocarbons added to the exhaust gas. 

[B] Method of Cleaning Exhaust Gas 

The method of the first embodiment comprises disposing the exhaust gas cleaner in a flow path of the 
35 exhaust gas; introducing reducing agents such as hydrocarbons and/or oxygen-containing organic compounds 
into the exhaust gas on the upstream side of the exhaust gas cleaner; and bringing the exhaust gas into contact 
with the exhaust gas cleaner at a temperature of 200-600°C, thereby removing the nitrogen oxides. 

(a) Reducing Agents 

The exhaust gas discharged from diesel engines, etc. contains small amounts of hydrocarbons such 
40 as acetylene, ethylene, propylene, etc. which can act as reducing agents for reducing the nitrogen oxides 

in the exhaust gas. In general, the proportion of the unburned hydrocarbons remaining in the exhaust gas 
is about 40 ppm, and it can be increased to some extent by adjusting engine conditions, etc. However, when 
hydrocarbons do not remain in the exhaust gas in sufficient amount to reduce nitrogen oxides in the ex- 
haust gas, reducing agents such as hydrocarbons and/or oxygen-containing organic compounds are added 
45 to the exhaust gas on the upstream side of the exhaust gas cleaner in a flow path of the exhaust gas. 

(1) Hydrocarbons 

The hydrocarbons added to the exhaust gas may be in the form of a liquid or a gas. 

The liquid hydrocarbons, which are in a liquid state in a standard state (room temperature and 1 
atm), include diesel oil, cetane, heptane, kerosene, etc. The boiling point of the liquid hydrocarbon is 
so from room temperature to about 350°C. Preferred examples of such hydrocarbons are diesel oil, cetane, 

heptane, etc. When a hydrocarbon having a boiling point exceeding about 450°C is added, it is not easily 
evaporated at an exhaust gas temperature under a normal operation condition, failing to accelerate the 
reduction of NOx. For safe operation, the upper limit of the boiling temperature of the liquid hydrocarbon 
is set at about 400° C. Preferably, a liquid hydrocarbon having a boiling point of about 350°C or lower, 
55 particularly 90-350°C is used. Such a liquid hydrocarbon is typically diesel oil, cetane, kerosene, etc., 

which are used as engine fuels, for a practical reason. 

The gaseous hydrocarbons (alkanes, alkenes or alkynes) are in a gaseous state in a standard state. 
The preferred alkanes are propane, butane, etc., the preferred alkenes are ethylene, propylene, bu- 
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tylene, etc., and the preferred alkynes are acetylene, etc. 

(2) Oxygen-Containing Organic Compounds 

The oxygen-containing organic compounds have 2 or more carbon atoms and 1 or more oxygen 
atoms. Specific examples of such oxygen-containing organic compounds include alcohols, ketones, al- 
5 dehydes, carboxylic acids, ethers, esters, etc. The upper limit of the carbon number in the oxygen-con- 

taining organic compound is preferably determined such that the boiling point of the oxygen-containing 
organic compound does not exceed 400°C. 

(i) Alcohols 

As alcohols, monovalent aliphatic alcohols having low molecular weights such as ethanol, prop- 
10 anol (n-propyl alcohol, isopropyl alcohol), etc. are preferable. However, methanol is not effective to 

react with nitrogen oxides. Accordingly, the carbon number of the aliphatic alcohol is preferably re- 
stricted to 2 or more. 

(ii) Ketones 

As ketones, acetone may be used. 
15 (iii) Carboxylic Acids 

As carboxylic acids, acetic acid is particularly preferable, 
(iv) Aldehydes 

As aldehydes, acetaldehyde is particularly preferable. 

(3) Amount of Reducing Agent Added 

20 The amount of the hydrocarbon and/or the oxygen-containing organic compound added is properly 

determined depending on the amount of NOx in the exhaust gas. Specifically, a weight ratio of the hy- 
drocarbon and/or the oxygen-containing organic compound to NOx in the exhaust gas is 0.2-5. When 
the weight ratio of the hydrocarbon and/or the oxygen-containing organic compound to NOx is less than 
0.2, sufficient effect of adding the hydrocarbon and/or the oxygen-containing organic compound cannot 

25 be obtained. The upper limit of the weight ratio of the hydrocarbon and/or the oxygen-containing organic 

compound to NOx is determined from the economic point of view. The preferred weight ratio is 0.2-3. 

(b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C. 
When the temperature of the exhaust gas is lower than 200°C, a sufficient reaction between the nitrogen 
30 oxides and hydrocarbon and/or oxygen-containing organic compound cannot proceed. On the other hand, 

when the temperature of the exhaust gas is higher than 600°C, the hydrocarbon and/or oxygen-containing 
organic compound is burned, failing to reduce the nitrogen oxides effectively. The more preferred temper- 
ature of the exhaust gas is 250-600°C. 

(c) Contact Time 

35 How long it takes for the exhaust gas to pass through the exhaust gas cleaner is expressed by a prod- 

uct of a time period during which a unit amount of the exhaust gas is in contact with the exhaust gas cleaner 
and the amount of the catalyst This product is defined as "contact time." The unit of the contact time is 
secg/ml, wherein "g" is a weight of the exhaust gas cleaner, and "ml/sec" is a volume of the exhaust gas 
which comes into contact with the catalyst per a second (converted to a volume in a standard state of 1 

40 atm and room temperature). For instance, when 1 ml/sec (converted to a volume in a standard state) of 

an exhaust gas is brought into contact with 1 g of the catalyst for 0.03 seconds, the contact time is 0.03 
secg/ml. 

In the first embodiment, the contact time is 0.006 secg/ml or more. When the contact time is less than 
0.006 sec g/ml, a sufficient reaction does not take place between the nitrogen oxides and the reducing agent, 
45 resulting in a low removal ratio of nitrogen oxides. Also, the unreacted reducing agent remains in the exhaust 
gas which is to be discharged. 

On the other hand, when the contact time is too large, the exhaust gas cleaner becomes too large. Ac- 
cordingly, the upper limit of the contact time is preferably 0.5 sec g/ml. 

50 [2] Second Embodiment 

[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the second embodiment comprises a cleaner substrate, a first catalyst sup- 
55 ported by the cleaner substrate on the exhaust gas inlet side thereof, and a second catalyst supported by the 
cleaner substrate on the exhaust gas outlet side thereof, wherein (1) the first catalyst comprises a first cata- 
lytically active component consisting essentially of Ag supported by a porous inorganic oxide body, and (2) the 
second catalyst comprises a second catalytically active component consisting essentially of Cu supported by 
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a porous inorganic oxide body. The second catalyticaily active component may further contain at least one ele- 
ment selected from the group consisting of alkali metal elements and rare earth elements. 

(a) Cleaner Substrate 

The cleaner substrate may be made of ceramics such as y-alumina and composite oxides thereof (ti- 
5 tania-alumina, silica-alumina, zirconia-alumina, etc.). When high heat resistance is required, cordierite and 

mullite may also be used. In addition, known heat-resistant metals such as stainless steel, etc. may be 
used for the cleaner substrate. 

The size and shape of the cleaner substrate may be changed depending on the purposes. For practical 
reason, the cleaner substrate preferably consists of two parts arranged on the inlet side and the outlet 
10 side. The internal structure of the cleaner substrate is honeycomb, foam, fibrous, or other three- 

dimensional structure. Also, the outer structure of the cleaner substrate may be a plate, a disc, a pellet, 
etc. 

(b) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the second embodiment is preferably in the form of fine pow- 
15 der which can be coated onto the cleaner substrate. The materials for the porous inorganic oxide powder 

may be the same as in the first embodiment. The amount of the porous inorganic oxide powder is preferably 
20 g/liter - 250 g/liter, particularly 50 g/liter - 200 g/liter, based on the heat-resistant cleaner substrate. 

The porous inorganic oxide powder layer may be formed on the heat-resistant cleaner substrate by 
the same method as described in the first embodiment 
20 (c) First Catalyst 

The first catalyst comprises a first catalyticaily active component consisting essentially of Ag support- 
ed by a porous inorganic oxide powder. The amount of Ag or an oxide thereof is generally 0.1-15 weight 
% (on a metal basis) based on the total amount of the porous inorganic oxide powder. To increase the 
NOx-removing efficiency, Ag or an oxide thereof added is preferably 05-10 weight %. 
25 The cleaner substrate having a porous inorganic oxide layer impregnated with Ag or an oxide thereof 

may be produced in the same manner as in the first embodiment Incidentally, the exhaust gas cleaner 
carrying Ag or its oxide is preferably treated with an SO r containing gas. 

(d) Second Catalyst 

The second catalyst comprises second catalyticaily active components supported by a porous inor- 
30 ganic oxide body. The second catalyticaily active component consists essentially of Cu. The amounts of 

Cu, expressed as a weight percentage of a metal element itself, is 0.1-1 5%. If Cu is less than 0.1 % or more 
than 15%, the removal ratio of NOx would be low. The preferred amount of Cu is 0.5-12%. 

The second catalyst may be a combination of Cu and at least one element selected from the group 
consisting of alkali metal elements and rare earth elements. The alkali metal element may be Li, Na, K, 
35 Cs, etc., preferably K and/or Cs, and the rare earth element may be Ce, La, Nd, Sm, etc., preferably Ce 

and/or La. 

The total amount of the alkali metal element and the rare earth element is 4 weight % or less, prefer- 
ably 0.5-3 weight %. Further, the amount of the alkali metal element is preferably 2 weight % or less, and 
the amount of the rare earth element is preferably 2 weight % or less. If both of the alkali metal element 
40 and the rare earth element are more than 2 weight %, the removal ratio of NOx would be low. More pre- 

ferably, each of the alkali metal element and the rare earth element is 0.1-1.5 weight %. 

The total amount of (i) Cu + (ii) alkali metal element and/or rare earth element is generally 0.1-19 
weight %, preferably 0.5-15 weight % based on the porous inorganic oxide body. If the total amount of (i) 
+ (ii) is lower than 0.1 weight %, sufficient effect of carrying the second catalytic components cannot be 
45 obtained. On the other hand, if it exceeds 1 9 weight %, the burning of hydrocarbons would predominantly 

take place, resulting in the reduced removal of NOx. 

Incidentally, the second catalyst may be supported by the cleaner substrate in the same manner as 
the first catalyst 

(e) Arrangement of First Catalyst to Second Catalyst 

so In the second embodiment, the first catalyst is disposed on the exhaust gas inlet side, and the second 

catalyst is disposed on the exhaust gas outlet side in the exhaust gas clearer. With this arrangement, high 

removal ratio of NOx can be achieved. 

(0 Ratio of First Catalyst to Second Catalyst 

The ratio by weight of the first catalyst to the second catalyst is preferably 5:1 - 1:5. When the first 
55 catalyst and the second catalyst are arranged at this ratio, the removal of NOx can be achieved in such 

a wide temperature range as 200-600°C, particularly 250-600°C for the reason as mentioned in the first 

embodiment 
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[B] Method of Cleaning Exhaust Gas 

The method of the second embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
exhaust gas; introducing hydrocarbons and/or oxygen-containing organic compounds into the exhaust gas on 
the upstream side of the exhaust gas cleaner; and bringing the exhaust gas into contact with the exhaust gas 
cleaner at a temperature of 200-600°C, thereby removing the nitrogen oxides. 

(a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds may be the 
same as in the first embodiment A weight ratio of the hydrocarbon and/or the oxygen-containing organic 
compound to NOx in the exhaust gas is preferably 0.2-5. The preferred weight ratio is 0.2-3. 

(b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C. The 
more preferred temperature of the exhaust gas is 250-600°C. 

(c) Contact Time 

The contact time may be the same as in the first embodiment. 

[3] Third Embodiment 
[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the third embodiment comprises a cleaner substrate, a first catalyst supported 
by the cleaner substrate on the exhaust gas inlet side thereof, and a second catalyst supported by the cleaner 
substrate on the exhaust gas outlet side thereof, wherein (1) the first catalyst comprises a first catalytically 
active component consisting essentially of Ag supported by a porous inorganic oxide body, and (2) the second 
catalyst comprises a second catalytically active component supported by a porous inorganic oxide body, the 
second catalytically active component consisting essentially of at least one element selected from the group 
consisting of Pt, Pd, Ru, Rh and Ir. 

(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the third embodiment may be the same as in the first em- 
bodiment. The amount of the porous inorganic oxide powder is preferably 20 g/liter- 250 g/liter, particularly 
50 g/liter - 200 g/liter, based on a heat-resistant cleaner substrate, if any. The porous inorganic oxide pow- 
der layer may be formed on the heat-resistant cleaner substrate by the same method as described in the 
first embodiment. 

(b) First Catalyst 

The first catalyst comprises a first catalytically active component consisting essentially of Ag support- 
ed by a porous inorganic oxide powder. The amount of Ag or an oxide thereof is generally 0.1-15 weight 
% (on a metal basis) based on the total amount of the porous inorganic oxide powder. To increase the 
NOx-removing efficiency, Ag or an oxide thereof added is preferably 0.5-10 weight %. 

The cleaner substrate having a porous inorganic oxide layer impregnated with Ag or an oxide thereof 
may be produced in the same manner as in the first embodiment Incidentally, the exhaust gas cleaner 
carrying Ag or its oxide is preferably treated with an SOz-containing gas. 

(c) Second Catalyst 

The second catalyst comprises second catalytically active components supported by a porous inor- 
ganic oxide body. The second catalytically active component consists essentially of at least one element 
selected from the group consisting of Pt, Pd, Ru, Rh and Ir. The amounts of the second catalytically active 
component expressed as a weight percentage of a metal element itself, is 2% or less, preferably 0.1-1.5%. 
The second catalyst may be prepared in the same manner as the first catalyst 

The second catalyst preferably further contains at least one rare earth element such as La, Ce, etc. 
in an amount of 10 weight % or less. With the rare earth element, the heat resistance of Pt, etc. can be 
increased. 

(d) Arrangement of First Catalyst to Second Catalyst 

In the third embodiment, the first catalyst is disposed on the exhaust gas inlet side, and the second 
catalyst is disposed on the exhaust gas outlet side in the exhaust gas clearer. With this arrangement, high 
removal ratio of NOx can be achieved. 

(e) Ratio of First Catalyst to Second Catalyst 

The ratio by weight of the first catalyst to the second catalyst is preferably 5:1 - 1:5. When the first 
catalyst and the second catalyst are arranged at this ratio, the removal of NOx can be achieved in such 
a wide temperature range as 200-600°C, particularly 250-600°C even when about 10% of water is con- 
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tained in the exhaust gas. The more preferred ratio is 4:1 - 1:4. 

[B] Method of Cleaning Exhaust Gas 

5 The method of the third embodiment comprises disposing an exhaust gas cleaner in a flow path of the 

exhaust gas; introducing hydrocarbons and/or oxygen-containing organic compounds into the exhaust gas on 
the upstream side of the exhaust gas cleaner; and bringing the exhaust gas into contact with the exhaust gas 
cleaner at a temperature of 200-600°C, thereby removing the nitrogen oxides. 

(a) Reducing Agents 

10 The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds added to 

the exhaust gas may be the same as in the first embodiment. 

A weight ratio of the hydrocarbon and/or the oxygen-containing organic compound to NOx in the ex- 
haust gas is preferably 0.1-5 as in the first embodiment. The preferred weight ratio is 0.2-3. 

(b) Temperature of Exhaust Gas 

15 The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C. The 

more preferred temperature of the exhaust gas is 300-600°C. 

(c) Contact Time 

The contact time may be the same as in the first embodiment. 

20 [4] Fourth Embodiment 
[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the fourth embodiment comprises a cleaner substrate, a first catalyst support- 
25 ed by the cleaner substrate on the exhaust gas inlet side thereof, and a second catalyst supported by the clean- 
er substrate on the exhaust gas outlet side thereof, wherein (1) the first catalyst comprises first catalytically 
active components supported by a porous inorganic oxide body, the first catalytically active components con- 
sisting essentially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In; and 
(2) the second catalyst comprises a second catalytically active component consisting essentially of Cu sup- 
30 ported by a porous inorganic oxide body, 
(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the fourth embodiment may be the same as in the first em- 
bodiment. The porous inorganic oxide powder layer may be formed on the heat-resistant cleaner substrate 
by the same method as described in the first embodiment. 
35 (b) First Catalyst 

The first catalyst comprises first catalytically active components consisting essentially of Ag and at 
least one element selected from the group consisting of Sn, Al, Ga and In. The total amount of the first 
catalytically active components is generally 0.2-20 weight % (on a metal basis) based on the total amount 
of the porous inorganic oxide powder. The preferred total amount of the first catalytically active compo- 
40 nents is 0.5-15 weight %. 

Among the first catalytically active components, Ag or an oxide thereof is preferably 0.1-10 weight % 
(on a metal basis), and at least one element selected from the group consisting of Sn, Al, Ga and In is 
preferably 0.1-10 weight % (on a metal basis), each based on the total amount of the porous inorganic 
oxide powder. Incidentally, silver may exist in the form of a metal or an oxide, and Sn, etc. may exist in 
45 the form of an oxide at the exhaust gas temperature. 

The cleaner substrate having a porous inorganic oxide layer impregnated with Ag and Sn, etc. may 
be produced in the same manner as in the first embodiment. Incidentally, the exhaust gas cleaner carrying 
Ag or its oxide is preferably treated with an SO r containing gas. 
(c) Second Catalyst 

so The second catalyst comprises a second catalytically active component consisting essentially of Cu 

supported by a porous inorganic oxide body. The second catalytically active component may further con- 
tain at least one element selected from the group consisting of alkali metal elements and rare earth ele- 
ments as in the second embodiment. The alkali metal element may be Li, Na, K, Cs, etc., preferably K 
and/or Cs, and the rare earth element may be Ce, La, Nd, Sm, etc., preferably Ce and/or La. 

55 The amount of Cu is 0.1-15 weight %. If Cu is less than 0.1 weight % or more than 15 weight %, the 

removal ratio of NOx would be low. The preferred amount of Cu is 0.5-12 weight %. 

When the alkali metal element and the rare earth element are added, the total amount thereof is 4 
weight % or less, preferably 0.2-3 weight %. Further, the amount of the alkali metal element is preferably 
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0.01-2 weight %, and the amount of the rare earth element is preferably 0.01-2 weight %. If both of the 
alkali metal element and the rare earth element are more than 2 weight %, the removal ratio of NOx would 
be low. More preferably, each of the alkali metal element and the rare earth element is 0.1-1 .5 weight %. 

The total amount of (i) Cu + (ii) alkali metal element and/or rare earth element is generally 0.1-19 
weight %, preferably 0.5-15 weight % based on the porous inorganic oxide body. If the total amount of (i) 
+ (ii) is lower than 0.1 weight %, sufficient effect of carrying the second catalytic components cannot be 
obtained. On the other hand, if it exceeds 1 9 weight %, the burning of hydrocarbons would predominantly 
take place, resulting in the reduced removal of NOx. 

Incidentally, the second catalyst may be prepared in the same manner as the first catalyst. 

(d) Arrangement of First Catalyst to Second Catalyst 

In the fourth embodiment, the first catalyst is disposed on the exhaust gas inlet side, and the second 
catalyst is disposed on the exhaust gas outlet side in the exhaust gas clearer. With this arrangement, high 
removal ratio of NOx can be achieved. 

(e) Ratio of First Catalyst to Second Catalyst 

The ratio by weight of the first catalyst to the second catalyst is preferably 5:1-1 :5. The more preferred 
ratio is 4: 1 - 1 :4. With this combination, high removal ratio can be achieved even when about 1 0% of water 
is contained in the exhaust gas. 

[B] Method of Cleaning Exhaust Gas 

The method of the fourth embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
exhaust gas; and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200- 
600°C, thereby removing the nitrogen oxides. The hydrocarbons and/or oxygen-containing organic compounds 
may be introduced into the exhaust gas on the upstream side of the exhaust gas cleaner to increase the re- 
moval ratio of NOx. 

(a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds added to 
the exhaust gas may be the same as in the first embodiment. 

A weight ratio of the hydrocarbon and/or the oxygen-containing organic compound to NOx in the ex- 
haust gas is preferably 0.1-5 as in the first embodiment. The preferred weight ratio is 0.2-3. 

(b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C. The 
more preferred temperature of the exhaust gas is 300-600°C. 

(c) Contact Time 

The contact time may be the same as in the first embodiment. 

[5] Fifth Embodiment 
[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the fifth embodiment comprises catalytically active components consisting es- 
sentially of a mixture of Ag and Cu supported by a porous inorganic oxide body. 

(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the fifth embodiment may be the same as in the first em- 
bodiment. The porous inorganic oxide powder layer may be formed on the heat-resistant cleaner substrate 
by the same method as described in the first embodiment. 

(b) Ag 

The amount of Ag or an oxide thereof is generally 0.1-15 weight % (on a metal basis) based on the 
amount of the porous inorganic oxide body. The preferred amount of Ag is 0.5-10 weight %. 

(c) Cu 

The amount of Cu is 2 weight % or less based on the porous inorganic oxide body. The preferred 
amount of Cu is 0.001-2 weight %. 

(d) Arrangement of Ag and Cu 

Ag and Cu are supported by the porous inorganic oxide body in the form of a mixture. Ag and Cu may 
be carried by an impregnation method, etc. using aqueous solutions of Ag and Cu. Except for the mixture 
form, the exhaust gas cleaner of the fifth embodiment may be produced in the same manner as described 
above. 
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[B] Method of Cleaning Exhaust Gas 

The method of the fifth embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
exhaust gas; introducing 400 volume % or less, based on the nitrogen oxides in the exhaust gas, of hydrocar- 
5 bons which are gaseous in a standard state into the exhaust gas on the upstream side of said exhaust gas 
cleaner and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 250-600°C, 
thereby removing the nitrogen oxides. 

(a) Gaseous Hydrocarbons 

The gaseous hydrocarbons added to the exhaust gas may be the same as in the first embodiment 
10 The gaseous hydrocarbon is preferably 400 volume % or less based on the amount of NOx in the ex- 

haust gas. If more than 400 volume % of the gaseous hydrocarbon is added, excess gaseous hydrocarbon 
may remain in the exhaust gas. The preferred amount of gaseous hydrocarbon is 300 volume % or less. 

(b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 250-600°C. 
15 When the gaseous hydrocarbon is alkane or alkene, the temperature of the exhaust gas is preferably 300- 

600°C. When alkyne is added together with alkane or alkene, the temperature of the exhaust gas is pre- 
ferably 250-600°C. 

(c) Contact Time 

The contact time may be the same as in the first embodiment. 

20 

[6] Sixth Embodiment 

[A] Exhaust Gas Cleaner 

25 The exhaust gas cleaner of the sixth embodiment comprises catalytically active components consisting 

essentially of Ag and at least one element selected from the group consisting of alkali metal elements and alkali 
earth metal elements. 

(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the sixth embodiment may be the same as in the first errv 
30 bodiment. 

(b) Ag 

The amount of Ag or an oxide thereof is generally 0.1-15 weight % (on a metal basis) based on the 
amount of the porous inorganic oxide body. The preferred amount of Ag is 0.5-10 weight %. 

(c) Alkali Metal Elements and/or Alkali Earth Metal Elements 

35 The alkali metal elements are Li, Na, K, Cs, etc., preferably K and/or Cs. The alkali earth metal ele- 

ments are preferably Ca, Sr, Ba. The total amount of the alkali metal elements and/or the alkali earth metal 
elements is 50 weight % or less based on the amount of Ag. If it is more than 50 weight %, the removal 
ratio of NOx would be low. The lower limit of the total amount of the alkali metal elements and/or the alkali 
earth metal elements is 0.001 weight %. Incidentally, these elements may exist in the form of oxide at the 

40 exhaust gas temperature. 

(d) Arrangement of Ag and Alkali Metal Elements and/or Alkali Earth Metal Elements 

Ag and the alkali metal elements and/or the alkali earth metal elements are supported by the porous 
inorganic oxide body in the form of a mixture. They may be carried by an impregnation method, etc. using 
their aqueous solutions. Except for the mixture form, the exhaust gas cleaner of the sixth embodiment 
45 may be produced in the same manner as described above. 

[B] Method of Cleaning Exhaust Gas 

The method of the sixth embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
so exhaust gas; and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200- 
600°C, thereby causing a reaction between the nitrogen oxides and hydrocarbons remaining in the exhaust 
gas to remove the nitrogen oxides. The hydrocarbons and/or oxygen-containing organic compounds in 
amounts of 5 times or less those of the nitrogen oxides in the exhaust gas may be introduced into the exhaust 
gas on the upstream side of the exhaust gas cleaner. 
55 (a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds may be the 
same as in the first embodiment A weight ratio of the hydrocarbon and/or the oxygen-containing organic 
compound to NOx in the exhaust gas is preferably 5 or less. The more preferred weight ratio is 0.2-3. 

15 
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(b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C, pre- 
ferably 300-600°C. 

(c) Contact Time 

5 The contact time may be the same as in the first embodiment. 

[7] Seventh Embodiment 
[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the seventh embodiment comprises catalytically active components consisting 
essentially of Ag and at least one element selected from the group consisting of Pt, Pd, Ru, Rh and Ir. 

(a) Porous Inorganic Oxide Body 
The porous inorganic oxide body used in the seventh embodiment may be the same as in the first 

embodiment 

(b) Ag 

The amount of Ag or an oxide thereof is generally 0.1-15 weight % (on a metal basis) based on the 
amount of the porous inorganic oxide body. The preferred amount of Ag is 0.5-10 weight %. 

(c) Pt, Pd, Ru, Rh and/or Ir 
The amount of at least one element selected from the group consisting of Pt, Pd, Ru, Rh and Ir is 2 

weight % or less based on the amount of Ag. If it is more than 2 weight %, the removal ratio of NOx would 
be low. The lower limit of the amount of Pt, etc. is 0.001 weight %. The preferred amount of Pt, etc. is 0.005- 
2 weight %. 

(d) Arrangement of Ag and Pt, etc. 
Ag and Pt, etc. are supported by the porous inorganic oxide body in the form of a mixture. They may 

be carried by an impregnation method, etc. using their aqueous solutions. Except for the mixture form, 
the exhaust gas cleaner of the seventh embodiment may be produced in the same manner as described 
above. 

30 [B] Method of Cleaning Exhaust Gas 

The method of the seventh embodiment comprises disposing an exhaust gas cleaner in a flow path of 
the exhaust gas; and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 
200-600°C, thereby causing a reaction between the nitrogen oxides and hydrocarbons remaining in the ex- 
haust gas to remove the nitrogen oxides. The hydrocarbons and/or oxygen-containing organic compounds in 
amounts of 5 times or less those of the nitrogen oxides in the exhaust gas may be introduced into the exhaust 
gas on the upstream side of the exhaust gas cleaner. 

(a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds may be the 
same as in the first embodiment A weight ratio of the hydrocarbon and/or the oxygen-containing organic 
compound to NOx in the exhaust gas is preferably 5 or less. The more preferred weight ratio is 0.1-3. 

(b) Temperature of Exhaust Gas 
The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C, pre- 
ferably 300-600°C. 

(c) Contact Time 
The contact time may be the same as in the first embodiment 

[8] Eighth Embodiment 

so [A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the eighth embodiment comprises catalytically active components consisting 
essentially of Ag and at least one element selected from the group consisting of Mo, W, Cr, Ni, Mn and Co. 

(a) Porous Inorganic Oxide Body 

55 The porous inorganic oxide body used in the eighth embodiment may be the same as in the first em- 

bodiment. 

(b) Ag 

The amount of Ag or an oxide thereof is generally 0.1-15 weight % (on a metal basis) based on the 

16 
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amount of the porous inorganic oxide body. The preferred amount of Ag is 0.5-10 weight %. 

(c) Mo, W, Cr, Ni, Mn and/or Co 

Among them, Mo, W and Cr are preferable. The amount of Mo, etc. is 20 weight % or less based on 
the amount of Ag. If it is more than 20 weight %, the removal ratio of NOx would be low. The lower limit 
5 of the amount of Mo, etc. is 0.05 weight %. The preferred amount of Mo, etc. is 0.1-18 weight %. 

(d) Arrangement of Ag and Mo, etc. 

Ag and Mo, etc. are supported by the porous inorganic oxide body in the form of a mixture. They may 
be carried by an impregnation method, etc. using their aqueous solutions. Except for the mixture form, 
the exhaust gas cleaner of the seventh embodiment may be produced in the same manner as described 
10 above. 

[B] Method of Cleaning Exhaust Gas 

The method of the eighth embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
15 exhaust gas; and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200- 
600°C, thereby causing a reaction between the nitrogen oxides and hydrocarbons remaining in the exhaust 
gas to remove the nitrogen oxides. The hydrocarbons and/or oxygen-containing organic compounds in 
amounts of 5 times or less those of the nitrogen oxides in the exhaust gas may be introduced into the exhaust 
gas on the upstream side of the exhaust gas cleaner. 
20 (a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds may be the 
same as in the first embodiment. A weight ratio of the hydrocarbon and/or the oxygen-containing organic 
compound to NOx in the exhaust gas is preferably 5 or less. The more preferred weight ratio is 0.1-3. 

(b) Temperature of Exhaust Gas 

25 The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C p pre- 

ferably 300-600°C. 

(c) Contact Time 

The contact time may be the same as in the first embodiment 

30 [9] Ninth Embodiment 

[A] Exhaust Gas Cleaner 

The exhaust gas cleaner of the ninth embodiment comprises catalytically active components consisting 
35 essentially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In. 

(a) Porous Inorganic Oxide Body 

The porous inorganic oxide body used in the ninth embodiment may be the same as in the first em- 
bodiment. 

(b) Ag 

40 The amount of Ag or an oxide thereof is generally 0.1-15 weight % (on a metal basis) based on the 

amount of the porous inorganic oxide body. The preferred amount of Ag is 0.5-10 weight %. 

(c) Sn, Al, Ga and/or In 

The amount of Sn, etc. is 0.2-20 weight % based on the amount of the porous inorganic oxide body. 
The preferred amount of Sn, etc. is 0.5-15 weight %. 
45 (d) Arrangement of Ag and Sn, etc. 

Ag and Sn, etc. are supported by the porous inorganic oxide body in the form of a mixture. They may 
be carried by an impregnation method, etc. using their aqueous solutions. 

(e) Ratio of Ag to Sn, etc. 

The ratio by weight of Ag to Sn, etc. is preferably 5:1 - 1:5. The more preferred ratio is 4:1 - 1:4. 

50 

[B] Method of Cleaning Exhaust Gas 

The method of the ninth embodiment comprises disposing an exhaust gas cleaner in a flow path of the 
exhaust gas; and bringing the exhaust gas into contact with the exhaust gas cleaner at a temperature of 200- 
55 600°C, thereby causing a reaction between the nitrogen oxides and hydrocarbons remaining in the exhaust 
gas to remove the nitrogen oxides. The hydrocarbons and/or oxygen-containing organic compounds in 
amounts of 0.1-5 times those of the nitrogen oxides in the exhaust gas may be introduced into the exhaust 
gas on the upstream side of the exhaust gas cleaner. 
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(a) Reducing Agents 

The reducing agents such as hydrocarbons and/or oxygen-containing organic compounds may be the 
same as in the first embodiment A weight ratio of the hydrocarbon and/or the oxygen-containing organic 
compound to NOx in the exhaust gas is preferably 0.1-5. The more preferred weight ratio is 0.1-3. 
5 (b) Temperature of Exhaust Gas 

The exhaust gas passing through the exhaust gas cleaner is kept at a temperature of 200-600°C, pre- 
ferably 250-600°C. 
(c) Contact Time 

The contact time may be the same as in the first embodiment. 
10 Incidentally, in the above explanations, the catalytically active components are expressed as metal ele- 

ments themselves such as Ag, Cu, etc. for simplicity, but it should be noted that these catalytically active com- 
ponents may exist in the form of oxide. Therefore, it is intended that the catalytically active components ex- 
pressed only by metal elements include their oxides. 

The present invention will be described in further detail by way of the following Examples. In each Example 
15 and Comparative Example, the catalytically active components are expressed as metal elements simplicity, 
and the amounts of the catalytically active components are expressed on a metal basis. 

Example 1 

20 Commercially available pellets made of porous y-alumina (diameter: 1 .5 mm, length: about 6 mm, specific 

surface area: 200 rr^/g) were immersed in an aqueous solution of AgN0 3 , dried at 70°C and heated at 150°C, 
200°C, 300°C, 400°C, 500°C and 600°C each for 2 hours in a nitrogen stream containing 5 volume % of hy- 
drogen and finally at 500°C for 2 hours in a nitrogen stream containing 10 volume % of oxygen, to obtain a 
first cleaner portion in which 2 weight % (on a metal basis) of Ag was supported by the y-alumina pellets. 

25 Commercially available pellets made of porous y-alumina (diameter 1 .5 mm, length: about 6 mm, specific 

surface area: 200 m 2 /g) were immersed in an aqueous solution of Cu(N0 3 )2, an aqueous solution of La(N0 3 ) 3 , 
and an aqueous solution of CsNQ 3 , respectively to impregnate the pellets with 1 0.0 weight % (on a metal basis) 
of Cu(N0 3 ) 2 , 0.4 weight % (on a metal basis) of LafNOjh and 0.4 weight % (on a metal basis) of CsN0 3 , each 
based on y-alumina. The pellets were dried and heated at 700°C to provide a second cleaner portion. Inciden- 

30 tally, Cu, La and Cs exited in the form of oxides in the second cleaner portion. 

The first and second cleaner portions were mixed with each other at a weight ratio of 1:1, and 1.34 g of 
the resulting mixture was charged into a reactor pipe. 

Next, a test gas having a composition shown in Table 1 below was caused to pass through the reactor 
pipe at a rate of 1.75 liters per minute (in a standard state), which corresponded to a space velocity of 30,000 

35 tr 1 and a contact time of 0.05 sec g/ml. The temperature of the test gas was kept at 200-550°C in the reactor 
pipe to cause a reaction between the nitrogen monoxide in the test gas with propylene. 



Table 1 



40 


Component 


Concentration 




Nitrogen monoxide 


800 ppm 




Carbon dioxide 


10 volume % 


45 


Oxygen 


10 volume % 




Propylene 


1714 ppm 




Nitrogen 


Balance 


50 


Water 


10 volume % based on the total (100 volume %) of the above components. 



By passing through the reactor pipe, nitrogen monoxide was converted to nitrogen and nitrogen dioxide. 
Accordingly, the concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after 
passing through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the 
55 removal ratio of NOx. Incidentally, the removal ratio of NOx was calculated from the amount (Xa) of NOx in 
exhaust gas before entering into the filter, and the amount of (Xb) of NOx in exhaust gas after passage through 
the filter, by using the formula: [(Xa - Xb) / Xa] x 100%. The results are shown in Fig. 1. 
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Comparative Example 1 

With the first cleaner portion used in Example 1 (porous y-alumina pellets carrying Ag) only, the same 
procedures as in Example 1 were conducted to measure the removal ratio of NOx. The results are shown in 
5 Fig. 1. 

Example 2 

With a test gas having a composition shown in Table 2 below. Example 1 was repeated to measure the 
10 removal ratio of NOx. The results are shown in Fig. 2. 



Table 2 





Component 


Concentration 


15 


Nitrogen monoxide 


800 ppm 




Carbon dioxide 


10 volume % 




Oxygen 


10 volume % 


20 


Diesel oil 


3 times the weight of NO 




Nitrogen 


Balance 




Water 


10 volume % based on the total (100 volume %) of the above components. 



25 



Comparative Example 2 

With the cleaner used in Comparative Example 1. the same procedures as in Example 1 were conducted 
30 by using the test gas having a composition shown in Table 2 to measure the removal ratio of NOx. The results 
are shown in Fig. 2. 

As is clear from Figs. 1 and 2, the NOx was well removed in such a wide temperature range as 250-550°C 
in Examples 1 and 2, while t he removal ratio of NOx was extremely low at an exhaust gas temperature of 400°C 
or lower in Comparative Examples 1 and 2. 

35 

Example 3 

Porous y-AI 2 0 3 powder was impregnated with 5 weight % of Ag by using an aqueous solution of AgN0 3 , 
and a commercially available honeycomb-type cordierite filter (diameter. 20 mm, thickness: about 8.4 mm, spe- 
40 cif ic surface area: 200 m 2 /g) was coated with about 0.5 g of the above y-AI 2 0 3 powder carrying Ag, dried and 
heated at a temperature up to 600°C to obtain a first cleaner portion. 

Similarly, y-AI 2 0 3 powder was impregnated with 10.0 weight % of Cu by using an aqueous solution of 
CufNOak 0.4 weight % of La by using an aqueous solution of La(N0 3 ) 3t and 0.4 weight % of Cs by using an 
aqueous solution of CsN0 3 . 0.5 g of this y-AI 2 0 3 carrying Cu, La and Cs was applied to a similar honeycomb- 
45 type cordierite filter, dried and heated at a temperature up to 600°C to obtain a second cleaner portion. 

The first and second cleaner portions were set in a reactor pipe such that the first cleaner portion carrying 
the silver catalyst was disposed on the exhaust gas inlet side, and the second cleaner portion carrying the 
copper-based catalyst was disposed on the exhaust gas outlet side. 

Next, a test gas having a composition shown in Table 3 below was caused to pass through the reactor 
so pipe at a rate of 2.4 liters per minute (in a standard state), which corresponded to a space velocity of 56,000 
h- 1 and a contact time of 0.013 sec g/ml. 



55 



19 



EP 0 577 438 A2 



Table 3 





Component 


Concentration 


5 


Nitrogen monoxide 


800 ppm 




Oxygen 


10 volume % 




Propylene 


1714 ppm 


10 


Nitrogen 


Balance 




Water 


10 volume % based on the total (100 volume %) of the above components. 



The temperature of the test gas was kept at 200-600°C in the reactor pipe to cause a reaction between 
15 the nitrogen monoxide in the test gas with propylene. The concentration of NOx (sum of nitrogen monoxide 
and nitrogen dioxide) in the test gas after passing through the exhaust gas cleaner was measured by a chem- 
iluminescence analyzer to determine the removal ratio of NOx. The results are shown in Fig. 3. 



Comparative Example 3 

20 

A commercially available honeycomb-type cordierite filter (diameter 20 mm, thickness: about 16.8 mm, 
specific surface area: 200 m 2 /g) was coated with 1 g of a first catalyst layer of Example 3 consisting of porous 
y-AI 2 0 3 powder and silver, and charged into a reactor pipe in the same manner as in Example 3 to measure 
the removal ratio of NOx. The results are shown in Fig. 3. 

25 

Comparative Example 4 

A commercially available honeycomb-type cordierite filter (diameter. 20 mm, thickness: about 16.8 mm, 
specific surface area: 200 m 2 /g) was coated with 1 g of a second catalyst layer of Example 3 consisting of por- 
30 ous y-AI 2 0 3 powder and Cu, La and Cs, and charged into a reactor pipe in the same manner as in Example 3 
to measure the removal ratio of NOx. The results are shown in Fig. 3. 

As is clear from Fig. 3, the NOx was well removed in a wide temperature range in Example 3, while the 
removal ratio of NOx was extremely low at an exhaust gas temperature of 400°C or lower in Comparative Ex- 
ample 3. Also, in Comparative Example 4, the removal ratio of NOx was extremely low in a wide temperature 
35 range. 

Example 4 

10 g of commercially available pellets made of porous y-alumina (diameter 1.5 mm, length: about 6 mm, 
40 specific surface area: 200 m 2 /g) were immersed in an aqueous solution of AgN0 3 , dried and heated at tem- 
peratures up to 600° C stepwise to obtain a first cleaner portion in which 2 weight % (on a metal basis) of Ag 
was supported by the y-alumina pellets. 2 g of similar commercially available y-alumina pellets were immersed 
in an aqueous solution of chloroplatinic acid to impregnate the pellets with 0.2 weight % of Pt. After drying, 
the pellets were heated at temperatures up to 700°C to obtain a second cleaner portion. 
45 The first and second cleaner portions were set in a reactor pipe such that 1 0 g of the first cleaner portion 

containing the silver catalyst was disposed on the exhaust gas inlet side, and 1 g of the second cleaner portion 
containing the Pt catalyst was disposed on the exhaust gas outlet side. 

Next, a test gas having a composition shown in Table 4 below was caused to pass through the reactor 
pipe at a rate of 2.0 liters per minute (in a standard state), which corresponded to a space velocity of 8,000 
50 rr 1 , a silver catalyst contact time of 0.3 secg/ml, and a Pt catalyst contact time of 0.03 secg/ml. The temperature 
of the test gas was kept at 200-600°C in the reactor pipe to cause a reaction between the nitrogen monoxide 
in the test gas with propylene. 



55 
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Table 4 





Component 


Concentration 


5 


Nitrogen monoxide 


500 ppm 




Carbon monoxide 


100 ppm 




Oxygen 


10 volume % 


10 


Propylene 


500 ppm 




Nitrogen 


Balance 




Water 


10 volume % based on the total (100 volume %) of the above components. 


15 


The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
ratio of NOx. The results are shown in Table 5. 


20 


Example 5 





Porous y-AI 2 0 3 powder (specific surface area: 200 m 2 /g) was impregnated with 2 weight % of Ag by using 
an aqueous solution of AgN0 3 , and a commercially available honeycomb-type cordierite filter (diameter. 20 
mm, thickness: about 30 mm) was coated with about 0.3 g of the above y-AJ 2 0 3 powder carrying Ag, dried and 
heated at temperatures up to 600°C stepwise to obtain a first cleaner portion. Similarly, y-AI 2 0 3 powder was 
impregnated with 0.2 weight % of Pd by using an aqueous solution of palladium chloride, and 0.25 g of this y- 
Al 2 0 3 carrying Pd was applied to a similar honeycomb-type cordierite filter (diameter 20 mm, thickness: about 
8.4 mm), dried and heated at a temperature up to 700° C to obtain a second cleaner portion. The first and second 
cleaner portions were set in a reactor pipe such that the silver catalyst was disposed on the exhaust gas inlet 
side, and the Pd catalyst was disposed on the exhaust gas outlet side. 

Next, a test gas having a composition shown in Table 4 was caused to pass through the reactor pipe at 
an apparent space velocity of 10,000 rr 1 . The results are shown in Table 5. 



Example 6 

Spherical titania pellets (diameter 3 mm, and specific surface area: 200 m 2 /g) were impregnated with 0.2 
weight % of Pt and 0.02 weight % of Rh in the same manner as in Example 4, and 1 g of the titania pellets 
carrying Pt and Rh were combined with 10 g of the first cleaner portion containing the silver catalyst used in 
Example 4 and set in a reactor pipe such that the silver catalyst was disposed on the exhaust gas inlet side, 
and the Pt/Rh catalyst was disposed on the exhaust gas outlet side. With the above exhaust gas cleaner, the 
removal ratio of NOx was measured with the test gas having a composition shown in Table 4 . The results are 
shown in Table 5. 

Comparative Example 5 

1 1 g of pellets made of porous y-alumina carrying 0.2 weight % of Pt were set in a reactor pipe in the same 
manner as in Example 4 to measure the removal ratio of NOx from a test gas having a composition shown in 
Table 4. The results are shown in Table 5. 



50 



55 



Comparative Example 6 

11 g of pellets made of porous y-alumina carrying 2 weight % of Ag were set in a reactor pipe in the same 
manner as in Example 4 to measure the removal ratio of NOx from a test gas having a composition shown in 
Table 4. The results are shown in Table 5. 
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Table 5 



5 


Removal Ratios of NOx, CO and HC 


Reaction Temp. 


Component Removed 


Removal Ratio (%) 


Ex.4 


Ex.5 


Ex.6 


Com. Ex.5 


Com. Ex. 6 




250°C 


NOx 


23 


20 


25 


15 


5 


10 




CO 


85 


100 


70 


70 


60 






HC 


60 


65 


50 


55 


45 




300°C 


NOx 


28 


25 


30 


20 


10 


15 




CO 


95 


100 


80 


95 


70 






HC 


65 


70 


55 


50 


50 




400°C 


NOx 


55 


53 


58 


2 


60 


20 




CO 


100 


100 


100 


100 


88 






HC 


98 


96 


98 


80 


75 




500°C 


NOx 


65 


64 


65 


1 


68 


25 




CO 


100 


100 


100 


100 


90 






HC 


100 


100 


100 


100 


85 




550°C 


NOx 


45 


45 


43 


1 


45 


30 




CO 


100 


100 


100 


100 


95 






HC 


100 


100 


100 


100 


90 



As is clear from the above, the NOx was well removed in a wide temperature range and carbon monoxide 
35 and carbon hydroxide were also effectively removed in Examples 4-6. On the other hand, a temperature range 
in which the removal ratio of NOx was high was narrow in Comparative Examples 5 and 6. 



Example 7 

40 Porous y-AI 2 0 3 powder (specific surface area: 200 m 2 /g) was impregnated with 2 weight % of Ag and 1 

weight % of In by using an aqueous solution of silver nitrate and an aqueous solution of indium nitrate, and a 
commercially available honeycomb-type cordierite filter (diameter 20 mm, thickness: about 8.4 mm) was coat- 
ed with 0.52 g of the above y-AI 2 0 3 powder carrying Ag and In, dried and heated at a temperature up to 600°C 
stepwise to obtain a first cleaner portion. Similarly, y-AI 2 0 3 powder was impregnated with 10.0 weight % of Cu 

45 by using an aqueous solution of copper nitrate, 0.4 weight % of La by using an aqueous solution of lanthanum 
nitrate, and 0.4 weight % of Cs by using an aqueous solution of cesium nitrate, and 0.52 g of this y-AI 2 0 3 car- 
rying Cu, La and Cs was applied to a similar honeycomb-type filter (diameter: 20 mm, thickness: about 8.4 
mm), dried and heated at a temperature up to 700° C to obtain a second cleaner portion. 

The first and second cleaner portions were set in a reactor pipe such that the silver-based catalyst was 

so disposed on the exhaust gas inlet side, and the Cu-based catalyst was disposed on the exhaust gas outlet 
side. 

Next, a test gas having a composition shown in Table 3 below was caused to pass through the reactor 
pipe at a rate of 2.43 liters per minute (in a standard state), which corresponded to an apparent space velocity 
of 28,000 rr 1 , a silver catalyst contact time of 0.13 sec-g/ml, and a Cu-based catalyst contact time of 0.13 
55 sec-g/ml. 

The temperature of the test gas was kept at 200-600°C in the reactor pipe to cause a reaction between 
the nitrogen monoxide in the test gas with propylene. The concentration of NOx (sum of nitrogen monoxide 
and nitrogen dioxide) in the test gas after passing through the exhaust gas cleaner was measured by a chem- 
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iluminescence analyzer to determine the removal ratio of NOx. The results are shown in Fig. 4. 
Example 8 

5 Porous y-AI 2 0 3 powder (specific surface area: 200 m 2 /g) was impregnated with 2 weight % of Ag by using 

an aqueous solution of AgN0 3 , and 1 weight % of Sn by using a solution of stannous chloride in ethyl alcohol, 
and the same honeycomb-type cordierite filter as in Example 7 was coated with 0.52 g of the above y-AI 2 0 3 
powder carrying Ag and Sn, dried and heated in the same manner as in Example 7 to obtain a first cleaner 
portion. The first cleaner portion carrying the Ag-based catalyst was combined with the second cleaner portion 

10 of Example 7 carrying the Cu-based catalyst such that the Ag-based catalyst was disposed on the exhaust 
gas inlet side, and the Cu-based catalyst was disposed on the exhaust gas outlet side. With a test gas having 
a composition shown in Table 3, the removal ratio of NOx was measured in the same manner as in Example 
7. The results are shown in Fig. 4. 

15 Example 9 

Porous y-AI 2 0 3 powder was impregnated with 2 weight % of Ag by using an aqueous solution of AgN0 3 , 
and 1 weight % of Ga by using an aqueous solution of gallium nitrate, and the same honeycomb- type cordierite 
filter as in Example 7 was coated with 0.52 g of the above y-AI 2 0 3 powder carrying Ag and Ga, dried and heated 
20 in the same manner as in Example 7 to obtain a first cleaner portion. The first cleaner portion carrying the 
Ag-based catalyst was combined with the second cleaner portion of Example 7 carrying the Cu-based catalyst 
such that the Ag-based catalyst was disposed on the exhaust gas inlet side, and the Cu-based catalyst was 
disposed on the exhaust gas outlet side. With a test gas having a composition shown in Table 3, the removal 
ratio of NOx was measured in the same manner as in Example 7. The results are shown in Fig. 4. 

25 

Comparative Example 7 

1 .04 g of porous y-alumina powder carrying 2 weight % of Ag and 1 weight % of In prepared in the same 
manner as in Example 7 was coated onto a honeycomb-type cordierite filter which was as long as double that 
30 of the honeycomb-type cordierite filter used in Example 7 to obtain an exhaust gas cleaner. This exhaust gas 
cleaner was set in a reactor pipe in the same manner as in Example 7 to measure the removal ratio of NOx 
from a test gas having a composition shown in Table 3. The results are shown in Fig. 4. 

Comparative Example 8 

35 

1.04 g of porous y-alumina powder carrying 10 weight % of Cu, 0.4 weight % of La and 0.4 weight % of 
Cs prepared in the same manner as in Example 7 was coated onto a honeycomb-type cordierite filter which 
was as long as double that of the honeycomb-type cordierite filter used in Example 7 to obtain an exhaust gas 
cleaner. This exhaust gas cleaner was set in a reactor pipe in the same manner as in Example 7 to measure 
40 the removal ratio of NOx from a test gas having a composition shown in Table 3. The results are shown in Fig. 
4. 

As is clear from the above, the NOx was well removed in a wide temperature range in Examples 7-9 in 
which the Ag-based catalyst and the Cu-based catalyst were combined. On the other hand, a temperature 
range in which the removal ratio of NOx was high was narrow in Comparative Examples 7 and 8 in which either 
45 one of the Ag-based catalyst and the Cu-based catalyst was omitted. 

Example 10 

10 g of commercially available pellets made of porous y-alumina (diameter: 1.5 mm, length: about 6 mm, 
so specific surface area: 200 m 2 /g) were immersed in a mixed aqueous solution of silver nitrate and copper nitrate, 
dried at 70°C and heated at 150°C, 200°C, 300°C, 400°C, 500°C and 600°C each for 2 hours in a nitrogen 
stream containing 5 volume % of hydrogen and finally at 500°C for 2 hours in a nitrogen stream containing 10 
volume % of oxygen, to obtain an exhaust gas cleaner in which 2 weight % (on a metal basis) of Ag and 0.1 
weight % (on a metal basis) of Cu were supported by the y-alumina pellets. 
55 The exhaust gas cleaner was charged into a reactor pipe, and a test gas having a composition shown in 

Table 1 below was caused to pass through the reactor pipe at a rate of 1.75 liters per minute (in a standard 
state), which corresponded to a space velocity of 30,000 ir 1 and a contact time of 0.05 secg/ml. The temper- 
ature of the test gas was kept at 300-600°C in the reactor pipe to cause a reaction between the nitrogen mon- 



23 



EP 0 577 438 A2 



oxide in the test gas with propylene. 

The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
ratio of NOx. The results are shown in Fig. 5. 

5 

Example 11 

Pellets made of porous y-alumina carrying 4 weight % of Ag and 0.1 weight % of Cu were set in a reactor 
pipe in the same manner as in Example 1 0 to measure the removal ratio of NOx from a test gas having a com- 
10 position shown in Table 1. The results are shown in Fig. 5. 

Example 12 

1 0 g of porous y-AI 2 0 3 powder (average diameter 40 urn, specific surface area: 200 rr^/g) was immersed 
15 in a mixed aqueous solution of silver nitrate and copper nitrate, dried at 70°C and heated at 150°C, 200°C, 
300°C, 400°C, 500°C and 600°C each for 2 hours in a nitrogen stream containing 5 volume % of hydrogen, to 
obtain an exhaust gas cleaner in which 2 weight % (on a metal basis) of Ag and 0.1 weight % (on a metal basis) 
of Cu were supported by the y-alumina powder. 

1 g of the above the y-alumina powder carrying Ag and Cu was coated onto a commercially available hon- 
20 eycomb-type cordierite filter (diameter. 30 mm, thickness: 12.5 mm, cell number. 400/square inch) by a wash- 
coat method and heated at 500°C for 2 hours in a nitrogen stream containing 1 0 volume % of oxygen, to obtain 
an exhaust gas cleaner carrying the mixed Ag/Cu catalyst for removing the NOx. With this exhaust gas cleaner, 
the removal ratio of NOx was measured in the same manner as in Example 10 except for changing the flow 
rate of the test gas to 4.4 liters per minute (in a standard state), which corresponded to a space velocity of 
25 30,000 h- 1 , a contact time of 0.05 sec-g/ml. The results are shown in Fig. 5. 

Comparative Example 9 

With the y-alumina pellets (containing no silver and copper) used in Example 10 only, the removal ratio of 
30 NOx from a test gas having a composition shown in Table 1 was measured in the same manner as in Example 

11. The results are shown in Fig. 5. 

As is clear from the above, the NOx was well removed at a temperature of 350-600°C in Examples 10-12. 

On the other hand, the removal ratio of NOx was low at an exhaust gas temperature of 500°C or lower in the 

case of the exhaust gas cleaner containing no catalytically active component (Comparative Example 9). Inci- 
35 dentally, the removal ratio of NOx increased gradually as the exhaust gas temperature exceeded 500°C in 

Comparative Example 9, but it should be noted that the by-production of carbon monoxide (CO) increased. 

Such a phenomenon did not take place in Examples 10-12 (producing substantially no carbon monoxide), and 

carbon dioxide was produced instead. 

40 Example 13 

10 g of commercially available pellets made of porous y-alumina (diameter 1.5 mm, length: about 6 mm, 
specific surface area: 200 m 2 /g) were immersed in a mixed aqueous solution of silver nitrate and potassium 
nitrate, dried at 70°C and heated at 150°C, 200°C, 300°C, 400°C, 500°C and 600°C each for 2 hours in a ni- 
45 trogen stream containing 5 volume % of hydrogen, to obtain an exhaust gas cleaner in which 2 weight % (on 
a metal basis) of Ag and 0.5 weight % (on a metal basis) of K were supported by the y-alumina pellets. 

The exhaust gas cleaner was charged into a reactor pipe, and a test gas having a composition shown in 
Table 3 below was caused to pass through the reactor pipe at a rate of 4.4 liters per minute (in a standard state), 
which corresponded to a space velocity of 30,000 tr 1 and a contact time of 0.05 sec-g/ml. The temperature of 
so the test gas was kept at 300-600°C in the reactor pipe to cause a reaction between the nitrogen monoxide in 
the test gas with propylene. 

The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
ratio of NOx. The results are shown in Fig. 6. 

55 

Example 14 

1.3 g of porous y-alumina powder (average diameter 40 urn. specific surface area: 200 m 2 /g) carrying 2 
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weight % of Ag and 0.5 weight % of K prepared in the same manner as in Example 13 was coated onto a com- 
mercially available honeycomb-type cordierite filter (diameter. 30 mm, thickness: 12.5 mm) by a wash-coat 
method. With the resulting exhaust gas cleaner, the removal ratio of NOx. was measured under the same con- 
ditions as in Example 13 (space velocity of 30,000 rr 1 ). The results are shown in Fig. 6. 

5 

Comparative Example 10 

Porous y-alumina pellets carrying only 2 weight % of Ag were prepared and used to measure the removal 
ratio of NOx in the same manner as in Example 13. The results are shown in Fig. 6. 

10 

Comparative Example 11 

Porous y-alumina pellets carrying 2 weight % of Ag and 0.5 weight % of Ce were prepared and used to 
measure the removal ratio of NOx in the same manner as in Example 13. The results are shown in Fig. 6. 
15 As is clear from the above, the NOx was well removed at a temperature of 400-600°C in Examples 1 3 and 

14. On the other hand, the removal ratio of NOx was low at an exhaust gas temperature of 500°C or lower in 
the case of the exhaust gas cleaner containing only Ag component (Comparative Example 10). Also, in the 
case of the exhaust gas cleaner containing Ag component and a rare earth metal (Comparative Example 11), 
high removal ratio of NOx could not be achieved in the overall temperature range. 

20 

Example 1 5 

10 g of commercially available pellets made of porous y-alumina (diameter: 1.5 mm, length: about 6 mm, 
specific surface area: 200 m 2 /g) were immersed in an aqueous solution of AgN0 3 , dried at 70°C and heated 
25 at 150°C, 200°C, 300°C, 400°C, 500°C and 600°C each for 2 hours in a nitrogen stream containing 5 volume 
% of hydrogen. They were then immersed in an aqueous solution of chloroplatinic acid and dried at 70°C and 
heated at 600°C for 2 hours to produce an exhaust gas cleaner in which 5 weight % (on a metal basis) of Ag 
and 0.01 weight % (on a metal basis) of Pt were supported by the y-alumina pellets. 

3.6 g of the resulting exhaust gas cleaner was charged into a reactor pipe, and a test gas having a com- 
30 position shown in Table 3 below was caused to pass through the reactor pipe at a rate of 4.4 liters per minute 
(in a standard state), which corresponded to a space velocity of 30,000 rr 1 and a contact time of 0.05 sec-g/ml. 
The temperature of the test gas was kept at 300-600°C in the reactor pipe to cause a reaction between the 
nitrogen monoxide in the test gas with propylene. 

The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
35 through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
ratio of NOx. The results are shown in Fig. 7. 

Example 16 

40 1.3 g of porous y-alumina powder (average diameter. 40 um, specific surface area: 200 m 2 /g) carrying 5 

weight % of Ag and 0.01 weight % of Pt was prepared in the same manner as in Example 15, and coated onto 
a commercially available honeycomb-type cordierite filter (diameter 30 mm, thickness: 12.5 mm) by a wash- 
coat method. With the resulting exhaust gas cleaner, the removal ratio of NOx was measured under the same 
conditions as in Example 15 (space velocity of 30,000 rr 1 ). The results are shown in Fig. 7. 

45 

Comparative Example 12 

Porous y-alumina pellets carrying only 5 weight % of Ag were prepared and used to measure the removal 
ratio of NOx in the same manner as in Example 15. The results are shown in Fig. 7. 

50 

Comparative Example 13 

Porous y-alumina pellets carrying 5 weight % of Ag and 0.15 weight % of Pt were prepared and used to 
measure the removal ratio of NOx in the same manner as in Example 15. The results are shown in Fig. 7. 

55 

Comparative Example 14 



Titania pellets were impregnated with 5 weight % of Ag and 0.01 weight % of Pt and used to measure the 
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removal ratio of NOx in the same manner as in Example 15. The results are shown in Fig. 7. 

As is clear from the above, the NOx was well removed at a temperature of 3Q0-600°C in Examples 15 and 
16. On the other hand, the removal ratio of NOx was low at an exhaust gas temperature of 500°C or lower in 
the case of the exhaust gas cleaner containing only Ag component (Comparative Example 12). Also, in the 
5 case of the exhaust gas cleaner containing Ag and an excess amount of Pi (Comparative Example 1 3), a high 
removal ratio of NOx could not be achieved in the overall temperature range. Further, when tltania was used 
instead of alumina as a porous inorganic oxide, the removal ratio of NOx was low (Comparative Example 14). 

Example 1 7 

10 

10 g of commercially available pellets made of porous y-alumina (diameter 1.5 mm, length: about 6 mm, 
specific surface area: 200 nrVg) were immersed in an aqueous solution of ammonium molybdate, dried at 70°C 
and heated at 600°C. They were then immersed in an aqueous solution of silver nitrate, dried at 70°C, heated 
at 150°C, 200°C, 300°C, 400°C, 500°C and 600°C each for 2 hours in a nitrogen stream containing 5 volume 
15 % of hydrogen and heated at 500°C for 2 hours in a nitrogen stream containing 1 0 volume % of oxygen to pro- 
duce an exhaust gas cleaner in which 5 weight % (on a metal basis) of Ag and 0.5 weight % (on a metal basis) 
of Mo were supported by the y-alumina pellets. 

3.6 g of the resulting exhaust gas cleaner was charged into a reactor pipe, and a test gas having a com- 
position shown in Table 3 below was caused to pass through the reactor pipe at a rate of 4.4 liters per minute 
20 (in a standard state), which corresponded to a space velocity of 30.000 h~ 1 and a contact time of 0.05 secg/ml. 
The temperature of the test gas was kept at 300-600°C in the reactor pipe to cause a reaction between the 
nitrogen monoxide in the test gas with propylene. 

The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
25 ratio of NOx. The results are shown in Fig. 8. 

Example 1 8 

1.3 g of porous y-alumina powder (average diameter. 40 um, specific surface area: 200 m 2 /g) carrying 5 
30 weight % of Ag and 0.5 weight % of Mo was prepared in the same manner as in Example 17, and coated onto 
a commercially available honeycomb-type cordierite filter (diameter 30 mm, thickness: 12.5 mm) by a wash- 
coat method. With the resulting exhaust gas cleaner, the removal ratio of NOx was measured under the same 
conditions as in Example 17 (space velocity of 30,000 rr 1 ). The results are shown in Fig. 8. 

35 Comparative Example 15 

Porous y-alumina pellets carrying only 5 weight % of Ag were prepared and used to measure the removal 
ratio of NOx in the same manner as in Example 17. The results are shown in Fig. 8. 

40 Comparative Example 16 

Porous y-alumina pellets carrying 5 weight % of Ag and 5 weight % of Mo were prepared and used to meas- 
ure the removal ratio of NOx in the same manner as in Example 17. The results are shown in Fig. 8. 

As is clear from the above, the NOx was well removed at a temperature of 300-600°C in Examples 17 and 
45 1 8. On the other hand, the removal ratio of NOx was low at an exhaust gas temperature of 450°C or lower in 
the case of the exhaust gas cleaner containing only Ag component (Comparative Example 15). Also, in the 
case of the exhaust gas cleaner containing Ag and an excess amount of Mo (Comparative Example 1 6), a high 
removal ratio of NOx could not be achieved in the overall temperature range. 

so Example 19 

10 g of commercially available pellets made of porous y-alumina (diameter 1.5 mm, length: about 6 mm, 
specific surface area: 200 m 2 /g) were immersed in an aqueous solution of gallium nitrate and an aqueous sol- 
ution of silver nitrate, dried at 70°C and heated at 150°C, 200°C, 300°C, 400°C, 500°C and 600°C each for 2 
55 hours in the air, to produce an exhaust gas cleaner in which 2.5 weight % (on a metal basis) of Ag and 2.5 
weight % (on a metal basis) of Ga were supported by the y-alumina pellets. 

3.6 g of the resulting exhaust gas cleaner was charged into a reactor pipe, and a test gas having a com- 
position shown in Table 3 below was caused to pass through the reactor pipe at a rate of 4.4 liters per minute 
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(in a standard state), which corresponded to a space velocity of 30,000 hr 1 and a contact time of 0.05 sec-g/ml. 
The temperature of the test gas was kept at 30 0-600° C in the reactor pipe to cause a reaction between the 
nitrogen monoxide in the test gas with propylene. 

The concentration of NOx (sum of nitrogen monoxide and nitrogen dioxide) in the test gas after passing 
5 through the exhaust gas cleaner was measured by a chemiluminescence analyzer to determine the removal 
ratio of NOx. The results are shown in Fig. 9. 

Example 20 

10 Porous y-alumina pellets carrying 2.5 weight % of Ag and 2.5 weight % of Sn was prepared in the same 

manner as in Example 19, and used to measure the removal ratio of NOx from the test gas having a composition 
shown in Table 3. The results are shown in Fig. 9. 

Example 21 

15 

About 1 g of porous y-alumina powder (specific surface area: 200 rr^/g) carrying 2.5 weight % (on a metal 
basis) of Ag and 2.5 weight % (on a metal basis) of Ga was prepared in the same manner as in Example 19, 
and coated onto a commercially available honeycomb-type cordierite filter (diameter: 30 mm, thickness: 12.5 
mm) by a wash-coat method. With the resulting exhaust gas cleaner, the removal ratio of NOx was measured 
20 under the same conditions as in Example 19 (space velocity of 30,000 hr 1 ). The results are shown in Fig. 9. 

Comparative Example 17 

Only the same porous y-alumina pellets as in Example 19 were used to measure the removal ratio of NOx. 
25 The results are shown in Fig. 9. 

As is clear from the above, the NOx was well removed in a wide temperature range in Examples 19-21 
using the exhaust gas cleaner containing Ag and Sn, etc. On the other hand, the removal ratio of NOx was 
extremely low at an exhaust gas temperature of 400°C or lower in Comparative Examples 17. 

As described above in detail, by the exhaust gas cleaner according to the present invention, NOx can ef- 
30 f iciently be removed from the exhaust gas having an excess oxygen concentration in a wide temperature range 
even when about 10% of water is contained in the exhaust gas. Further, in the case of the mixed catalyst-type 
exhaust gas cleaner, the N Ox-removing temperature can be as low as about 500°C or lower. 

The exhaust gas cleaner of the present invention is effective for cleaning exhaust gases such as those 
discharged from various combustors, automobile engines, etc. 

35 

Claims 

1. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
40 larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises a mixture of (1 ) a first catalyst comprising 0.1-15 weight % (on a metal basis) of a first cataJytically 
active component consisting essentially of Ag supported by a porous inorganic oxide body; and (2) a sec- 
ond catalyst comprising 0.5-20 weight % (on a metal basis) of second catalytically active components sup- 
ported by a porous inorganic oxide body, said second catalytically active components consisting essen- 

45 tially of (i) at least one alkali metal element; (ii) at least one element selected from the group consisting 

of Cu, Co, Mn and V; and (iii) at least one rare earth element, all of said percentages being based on the 
total amount (100 weight %) of said porous inorganic oxide body. 

2. The exhaust gas cleaner according to claim 1, wherein said porous inorganic oxide body is made of alu- 
50 mina or a composite oxide thereof. 

3. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising a mix- 

55 ture of (1 ) a first catalyst comprising 0.1-15 weight % (on a metal basis) of a first catalytically active com- 

ponent consisting essentially of Ag supported by a porous inorganic oxide body; and (2) a second catalyst 
comprising 0.5-20 weight % (on a metal basis) of second catalytically active components supported by a 
porous inorganic oxide body, said second catalytically active components consisting essentially of (i) at 
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least one alkali metal element; (ii) at least one element selected from the group consisting of Cu, Co, Mn 
and V; and (iii) at least one rare earth element, ail of said percentages being based on the total amount 
(100 weight %) of said porous inorganic oxide body; (b) introducing hydrocarbons and/or oxygen-contain- 
ing organic compounds into said exhaust gas on the upstream side of said exhaust gas cleaner; and (c) 
bringing said exhaust gas into contact with said exhaust gas cleaner at a temperature of 200-600°C, there- 
by removing said nitrogen oxides. 

4. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises a cleaner substrate made of ceramics or metals, a first catalyst supported by said cleaner substrate 
on the exhaust gas inlet side thereof, and a second catalyst supported by said cleaner substrate on the 
exhaust gas outlet side thereof, wherein (1 ) said first catalyst comprises 0.1-15 weight % (on a metal basis) 
of a first catalytically active component consisting essentially of Ag supported by a porous inorganic oxide 
body, and (2) said second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically 
active component consisting essentially of Cu supported by a porous inorganic oxide body, all of said per- 
centages being based on the total amount (100 weight %) of said porous inorganic oxide body. 

5. The exhaust gas cleaner according to claim 4, wherein said second catalytically active components further 
contain 4 weight % or less (on a metal basis), based on said porous inorganic oxide body, of at least one 
element selected from the group consisting of alkali metal elements and rare earth elements. 

6. The exhaust gas cleaner according to claim 4, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

7. The exhaust gas cleaner according to claim 5, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

8. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaustgas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising a clean- 
er substrate made of ceramics or metals, a first catalyst supported by said cleaner substrate on the ex- 
haust gas inlet side thereof, and a second catalyst supported by said cleaner substrate on the exhaust 
gas outlet side thereof, wherein (1) said first catalyst comprises 0.1-15 weight % (on a metal basis) of a 
first catalytically active component consisting essentially of Ag supported by a porous inorganic oxide 
body, and (2) said second catalyst comprises 0.1 -1 5 weight % (on a metal basis) of a second catalytically 
active component consisting essentially of Cu supported by a porous inorganic oxide body, all of said per- 
centages being based on the total amount (100 weight %) of said porous inorganic oxide body; (b) intro- 
ducing hydrocarbons and/or oxygen-containing organic compounds into said exhaustgas on the upstream 
side of said exhaust gas cleaner; and (c) bringing said exhaust gas into contact with said exhaust gas 
cleaner at a temperature of 200-600°C, thereby removing said nitrogen oxides. 

9. The method of cleaning an exhaust gas according to claim 8, wherein said second catalytically active com- 
ponents further contain 4 weight % or less (on a metal basis), based on said porous inorganic oxide body, 
of at least one element selected from the group consisting of alkali metal elements and rare earth ele- 
ments. 

10. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises a cleaner substrate, a first catalyst supported by said cleaner substrate on the exhaust gas inlet 
side thereof, and a second catalyst supported by said cleaner substrate on the exhaust gas outlet side 
thereof, wherein (1) said first catalyst comprises 0.1-1 5 weight % (on a metal basis) of a first catalytically 
active component consisting essentially of Ag supported by a porous inorganic oxide body, and (2) said 
second catalyst comprises 2 weight % (on a metal basis) or less of a second catalytically active component 
supported by a porous inorganic oxide body, said second catalytically active component consisting es- 
sentially of at least one element selected from the group consisting of Pt, Pd, Ru, Rh and Ir, all of said 
percentages being based on the total amount (100 weight %) of said porous inorganic oxide body. 

11. The exhaust gas cleaner according to claim 10, wherein said porous inorganic oxide body for said first 
and second catalysts is porous inorganic oxide powder coated onto said cleaner substrate made of cer- 
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20 



amies or metals. 

12. The exhaust gas cleaner according to claim 10, wherein said porous inorganic oxide body for said first 
and second catalysts is in the form of pellet or granule. 

5 

13. The exhaust gas cleaner according to claim 10, wherein said porous inorganic oxide body for said first 
catalyst is made of alumina or an alumina composite oxide, and said porous inorganic oxide body for said 
second catalyst is made of alumina, titania, zirconia or an a composite oxide thereof. 

14. A method of cleaning an exhaust gas containing nitrogen oxides, carbon monoxide, hydrocarbons and 
oxygen in an amount larger than its stoichiometric amount relative to unburned components in said ex- 
haust gas, which comprises (a) disposing an exhaust gas cleaner in a flow path of said exhaust gas, said 
exhaust gas cleaner comprising a cleaner substrate, a first catalyst supported by said cleaner substrate 
on the exhaust gas inlet side thereof, and a second catalyst supported by said cleaner substrate on the 
exhaust gas outlet side t hereof, wherein (1 ) said first catalyst comprises 0. 1 - 1 5 weight % (on a metal basis) 
of a first catalytically active component consisting essentially of Ag supported by a porous inorganic oxide 
body, and (2) said second catalyst comprises 2 weight % (on a metal basis) or less of a second catalytically 
active component supported by a porous inorganic oxide body, said second catalytically active component 
consisting essentially of at least one element selected from the group consisting of Pt, Pd, Ru, Rh and Ir, 
all of said percentages being based on the total amount (100 weight %) of said porous inorganic oxide 
body; (b) introducing hydrocarbons and/or oxygen-containing organic compounds into said exhaust gas 
on the upstream side of said exhaust gas cleaner; and (c) bringing said exhaust gas into contact with said 
exhaust gas cleaner at a temperature of 200-600°C, thereby removing said nitrogen oxides, carbon mon- 
oxide and hydrocarbons. 

25 15. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises a cleaner substrate, a first catalyst supported by said cleaner substrate on the exhaust gas inlet 
side thereof, and a second catalyst supported by said cleaner substrate on the exhaust gas outlet side 
thereof, wherein (1) said first catalyst comprises 0.2-20 weight % (on a metal basis) of first catalytically 

30 active components supported by a porous inorganic oxide body, said first catalytically active components 

consisting essentially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and 
In; and (2) said second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically 
active component consisting essentially of Cu supported by a porous inorganic oxide body, all of said per- 
centages being based on the total amount (100 weight %) of said porous inorganic oxide body. 

35 

16. The exhaust gas cleaner according to claim 15, wherein said second catalytically active components fur- 
ther contain 4 weight % or less (on a metal basis), based on said porous inorganic oxide body, of at least 
one element selected from the group consisting of alkali metal elements and rare earth elements. 

40 17. The exhaust gas cleaner according to claim 15, wherein said porous inorganic oxide body for said first 
and second catalysts is porous inorganic oxide powder coated onto said cleaner substrate made of cer- 
amics or metals. 

18. The exhaust gas cleaner according to claim 16, wherein said porous inorganic oxide body for said first 
45 and second catalysts is porous inorganic oxide powder coated onto said cleaner substrate made of cer- 
amics or metals. 

19. The exhaust gas cleaner according to claim 15, wherein said porous inorganic oxide body for said first 
and second catalysts is in the form of pellet or granule. 

50 

20. The exhaust gas cleaner according to claim 1 6 wherein said porous inorganic oxide body for said first and 
second catalysts is in the form of pellet or granule. 

21. The exhaust gas cleaner according to claim 1 5, wherein said porous inorganic oxide body is made of alu- 
mina, titania, zirconia or an a composite oxide thereof. 

55 

22. The exhaust gas cleaner according to claim 1 6, wherein said porous inorganic oxide body is made of alu- 
mina, titania, zirconia or an a composite oxide thereof. 
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23. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in aflow path of said exhaust gas, said exhaustgas cleaner comprising a clean- 
er substrate, a first catalyst supported by said cleaner substrate on the exhaust gas inlet side thereof, 
and a second catalyst supported by said cleaner substrate on the exhaust gas outlet side thereof, wherein 
(1) said first catalyst comprises 0.2-20 weight % (on a metal basis) of first catalytically active components 
supported by a porous inorganic oxide body, said first catalytically active components consisting essen- 
tially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In; and (2) said 
second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically active component 
consisting essentially of Cu supported by a porous inorganic oxide body, all of said percentages being 
based on the total amount (100 weight %) of said porous inorganic oxide body; (b) introducing hydrocar- 
bons and/or oxygen-containing organic compounds into said exhaust gas on the upstream side of said 
exhaust gas cleaner; and (c) bringing said exhaust gas into contact with said exhaust gas cleaner at a 
temperature of 200-600°C, thereby removing said nitrogen oxides. 

24. The method according to claim 23, wherein said second catalytically active components further contain 
4 weight % or less (on a metal basis), based on said porous inorganic oxide body, of at least one element 
selected from the group consisting of alkali metal elements and rare earth elements. 

25. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaustgas cleaner in aflow path of said exhaustgas, said exhaustgas cleaner comprising a clean- 
er substrate, a first catalyst supported by said cleaner substrate on the exhaust gas inlet side thereof, 
and a second catalyst supported by said cleaner substrate on the exhaust gas outlet side thereof, wherein 
(1) said first catalyst comprises 0.2-20 weight % (on a metal basis) of first catalytically active components 
supported by a porous inorganic oxide body, said first catalytically active components consisting essen- 
tially of Ag and at least one element selected from the group consisting of Sn, Al, Ga and In; and (2) said 
second catalyst comprises 0.1-15 weight % (on a metal basis) of a second catalytically active component 
consisting essentially of Cu supported by a porous inorganic oxide body, all of said percentages being 
based on the total amount (100 weight %) of said porous inorganic oxide body; and (b) bringing said ex- 
haust gas into contact with said exhaust gas cleaner at a temperature of 200-600°C, thereby causing a 
reaction between said nitrogen oxides and hydrocarbons remaining in said exhaust gas to remove said 
nitrogen oxides. 

26. The method according to claim 25, wherein said second catalytically active components further contain 
4 weight % or less (on a metal basis), based on said porous inorganic oxide body, of at least one element 
selected from the group consisting of alkali metal elements and rare earth elements. 

27. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises catalytically active components supported by a porous inorganic oxide body, said catalytically active 
components consisting essentially of (i) 0.1-15 weight % (on a metal basis) of Ag, and (ii) 2 weight % or 
less (on a metal basis) of Cu, all of said percentages being based on the total amount (100 weight %) of 
said porous inorganic oxide body. 

28. The exhaust gas cleaner according to claim 27, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

29. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising cat- 
alytically active components supported by a porous inorganic oxide body, said catalytically active com- 
ponents consisting essentially of (i) 0.1-15 weight % (on a metal basis) of Ag, and (ii) 2 weight % or less 
(on a metal basis) of Cu, all of said percentages being based on the total amount (100 weight %) of said 
porous inorganic oxide body; (b) introducing 400 volume % or less, based on said nitrogen oxides in said 
exhaust gas, of hydrocarbons which are gaseous in a standard state into said exhaust gas on the upstream 
side of said exhaust gas cleaner; and (c) bringing said exhaust gas into contact with said exhaust gas 
cleaner at a temperature of 250-600°C, thereby removing said nitrogen oxides. 



30 



EP 0 577 438 A2 



15 



30. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises catalytically active components supported by a porous inorganic oxide body, said catalytically active 
components consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inor- 

5 ganic oxide body, of Ag, and (ii) 50 weight % or less (on a metal basis), based on said Ag, of at least one 

element selected from the group consisting of alkali metal elements and alkali earth metal elements. 

31. The exhaust gas cleaner according to claim 30, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

10 

32. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising cat- 
alytically active components supported by a porous inorganic oxide body, said catalytically active com- 
ponents consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inorganic 
oxide body, of Ag, and (ii) 50 weight % or less (on a metal basis), based on said Ag, of at least one element 
selected from the group consisting of alkali metal elements and alkali earth metal elements; and (b) bring- 
ing said exhaust gas into contact with said exhaust gas cleaner at a temperature of 200-600°C, thereby 
causing a reaction between said nitrogen oxides and hydrocarbons remaining in said exhaust gas to re- 

2Q move said nitrogen oxides. 

33. The method according to claim 32, wherein hydrocarbons and/or oxygen-containing organic compounds 
in amounts of 5 times or less those of said nitrogen oxides in said exhaust gas are introduced into said 
exhaust gas on the upstream side of said exhaust gas cleaner. 

25 34. An exhaust gas cleanerfor cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises catalytically active components supported by a porous inorganic oxide body, said catalytically active 
components consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inor- 
ganic oxide body, of Ag, and (ii) 2 weight % or less (on a metal basis), based on said Ag, of at least one 

30 element selected from the group consisting of Pt, Pd, Ru, Rh and Ir. 

35. The exhaust gas cleaner according to claim 34, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

35 36. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising cat- 
alytically active components supported by a porous inorganic oxide body, said catalytically active com- 
ponents consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inorganic 

40 oxide body, of Ag, and (ii) 2 weight % or less (on a metal basis), based on said Ag, of at least one element 

selected from the group consisting of Pt Pd, Ru, Rh and Ir; and (b) bringing said exhaust gas into contact 
with said exhaust gas cleaner at a temperature of 200-600°C, thereby causing a reaction between said 
nitrogen oxides and hydrocarbons remaining in said exhaust gas to remove said nitrogen oxides. 

45 37. The method according to claim 36, wherein hydrocarbons and/or oxygen-containing organic compounds 
in amounts of 5 times or less those of said nitrogen oxides in said exhaust gas are introduced into said 
exhaust gas on the upstream side of said exhaust gas cleaner. 

38. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
^ larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 

prises catalytically active components supported by a porous inorgan ic oxide body, said catalytically active 
components consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inor- 
ganic oxide body, of Ag, and (ii) 20 weight % or less (on a metal basis), based on said Ag, of at least one 
element selected from the group consisting of Mo, W, Cr, Ni. Mn and Co. 
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39. The exhaust gas cleaner according to claim 38, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 
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40. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising cat- 
alytically active components supported by a porous inorganic oxide body, said catalytically active com- 
ponents consisting essentially of (i) 0.1-15 weight % (on a metal basis), based on said porous inorganic 
oxide body, of Ag, and (ii) 20 weight % or less (on a metal basis), based on said Ag, of at least one element 
selected from the group consisting of Mo, W, Cr, Ni, Mn and Co; and (b) bringing said exhaust gas into 
contact with said exhaust gas cleaner at a temperature of 200-600°C, thereby causing a reaction between 
said nitrogen oxides and hydrocarbons remaining in said exhaust gas to remove said nitrogen oxides. 

41. The method according to claim 40, wherein hydrocarbons and/or oxygen-containing organic compounds 
in amounts of 5 times or less those of said nitrogen oxides in said exhaust gas are introduced into said 
exhaust gas on the upstream side of said exhaust gas cleaner. 

42. An exhaust gas cleaner for cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount 
larger than its stoichiometric amount relative to unburned components in said exhaust gas, which com- 
prises catalytically active components supported by a porous inorganic oxide body, said catalytically active 
components consisting essentially of Ag and at least one element selected from the group consisting of 
Sn, A), Ga and In. 

43. The exhaust gas cleaner according to claim 42, wherein said porous inorganic oxide body is made of alu- 
mina or a composite oxide thereof. 

44. The exhaust gas cleaner according to claim 42, wherein the total amount of said catalytically active com- 
ponents is 0.2-20 weight % (on a metal basis), based on said porous inorganic oxide body. 

45. A method of cleaning an exhaust gas containing nitrogen oxides and oxygen in an amount larger than its 
stoichiometric amount relative to unburned components in said exhaust gas, which comprises (a) dispos- 
ing an exhaust gas cleaner in a flow path of said exhaust gas, said exhaust gas cleaner comprising cat- 
alytically active components supported by a porous inorganic oxide body, said catalytically active com- 
ponents consisting essentially of Ag and at least one element selected from the group consisting of Sn. 
Al, Ga and In; and (b) bringing said exhaust gas into contact with said exhaust gas cleaner at a temperature 
of 200-600°C, thereby causing a reaction between said nitrogen oxides and hydrocarbons remaining in 
said exhaust gas to remove said nitrogen oxides. 

46. The method according to claim 45, wherein hydrocarbons and/or oxygen-containing organic compounds 
in amounts of 0. 1-5 times those of said nitrogen oxides in said exhaust gas are introduced into said exhaust 
gas on the upstream side of said exhaust gas cleaner. 
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